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5.1 INTRODUCTION

The Department is committed to developing projects that improve the movement of people and
goods, while recognizing community needs and values. Projects should be safe, serviceable,
constructible, economical to build and maintain, and in harmony with the community and its
environmental, scenic, cultural, and natural resources. Successful designs result from a careful
balance of safety, mobility, and capacity needs with social, economic, and environmental needs.

This chapter provides guidance regarding the basic elements of highway design to designers and
other project developers. The information presented is not all-inclusive, but must be used in
conjunction with information found in other chapters of this manual and documents adopted by
the Department to achieve the most appropriate design meeting the goals and objectives of the
project.

511 Project Development& Public Involvement

There are various phases of development through which a project design must evolve. These
phases are described in the Project Development Manual. Projects should be progressed through
these phases with the aid and advice of project stakeholders, which include the Regional
Functional Units, the Main Office, the public, and appropriate advisory and regulatory agencies.
Early, effective, and continuous stakeholder involvement fosters meaningful participation and
sense of ownership in the project development process. The open exchange of information and
concerns between the Department and stakeholders benefits projects by identifying key issues
early in the process, developing consensus for project solutions, and building trust among
stakeholders.

512 Nonconforming Features

During the project development process, design element trade-offs are routinely considered.
Quantitative measures are to be used, whenever feasible, to compare and evaluate the effects of
trade-offs. When the Department evaluates such trade-offs in the course of considering
transportation needs and community needs, public safety (whether driving, riding, walking, or
bicycling) remains the foremostissue to consider.

Variances from standard values established for the critical design elements listed in Chapter 2 of
this manual require a justification and approval as described in that chapter. In addition to the
critical design elements, there are other design elements with established values or parameters
that must be considered when scoping and designing a project. These other elements are
important because they can have a considerable effect on the cost, scope, schedule, and quality
of a project. Any decisions to vary from recommended values or accepted practices for these
elements need to be explained and documented as nonconforming features in the scoping and
design approval documents and, when identified after design approval, in the project files. The
more significant the deviation or the more important an element is to quality design, the more
detailed the explanation will be. For example, an explanation similar in detail to the requirements
for nonstandard features is appropriate if the Department proposes to build an acceleration lane
to 75% of the values in AASHTO’s A Policy on Geometric Design of Highways and Streets, 2018,
or not attain the compound curve ratio. However, not achieving the minimum length of a
superelevation runout by afew feet would only warrant abrief explanation in the report.

EB 22-057 D.A. 01/01/2023 §5.1
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The following is a listing of some of the other elements which are described in detail in this and
other chapters. It is being provided to give a representative sample of items to be considered
when scoping and designing aproject. It is not in priority order or intended to be all-inclusive.

Level of service

Median width

Minimum pipe size

Sag vertical curve (Sag vertical curve sight distance is a critical design element where
sight lines are restricted under bridges or other vertical sight obstructions. Refer to
Section5.7.4.2.B)

Minimum length of vertical curves

Lane drops

Tapers for lane drops

Driveway grade

Driveway opening

Driveway spacing

Buffer zone for snow storage

Width of spread for ponding water

Clear zone

Objects within the clear zone

Intersection radii (including accommodation of identified oversized vehicles)
Intersection and decision sight distance

Superelevation runoff/runout length

Broken back curves

Compound curves

Auxiliary lane lengths

Adequate provisions for pedestrians and bicyclists (refer to Chapters 17 and 18 of this
manual)

Transit and high-occupancy vehicle facilities and accommodations

Design stormfor drainage facilities (refer to Chapter 8 of this manual)
Curbing

Guide rail

Median barrier

Longitudinal rumble strips

Horizontal clearance

Permanent and temporary soil erosion and sediment control

A checklist of common nonconforming features is provided on the Chapter 5 Internet page at:
https://www.dot.ny.gov/divisions/engineering/design/dgab/hdm/chapter-5.

EB 22-057 D.A. 01/01/2023 §5.1
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5.2 SPEED STUDIES, HIGHWAY CAPACITY,AND LEVEL OF SERVICE

Traffic data and a capacity analysis are used to develop the geometric design, evaluate
alternatives, design traffic signals, etc. The data collection and analysis depends on the project
type, highway functional class, and the presence of cross roads or major driveways. Refer to
Section 5.2.3 of this chapter for guidance on using older data and capacity analyses.

521 Traffic Data
5211 StudyArea

As a minimum, the study areafor the traffic analysis should extend one interchange or major
intersection before and after the limits of the proposed work to capture detours and diversions
during and after construction. These include:

e Highway.

e All approaches of intersections and driveways/entrances with one-way volumes of
100vehicles per hour (vph) or more.

Ramps.

Weaving sections.

Merges and diverges.

Service roads and frontage roads.

For projects where substantial diversion or more extensive detours may be needed, the study
area should be expanded to enable an analysis of the effects. In general, highways that will
have an additional 30 vehicles per hour per lane or more should be included. A combination of
microscopic and mesoscale analysis may be used for large study areas.

5.2.1.2 Data Acquisition

A. Data for Simplified Capacity Analysis

Secondary traffic data (i.e., data that was not obtained specifically for the project) may
be usedfor:

e Projects on routes with little delay (LOS B or better). The level of service (LOS)
should be observed during peak periods, which may include:

The weekday AM and PM peaks.

Saturday noon-hour peaks near shopping areas or malls.

Friday and Sunday nights on summer recreation routes.

Saturday and Sunday AM and PM peaks near ski areas.

Immediately before and after regular sporting events, concerts, or otherspecial
events.

¢ Maintenance-type projects (e.g., pavement preventive maintenance and bridge
preventive maintenance projects).

e Construction lane closures or detours. Secondary traffic data includes the annual
average daily traffic (AADT) datafromthe NYSDOT Highway Traffic Data Viewer.
Additional sources may be available fromthe Highway Data Services Bureau and

EB 22-057 D.A. 01/01/2023 §5.2
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the Regional Planning Group. The Highway Capacity Manual, Regional data, or
Exhibit 5-1a (below), and the Traffic Engineering Handbook, can be used to obtain
the design hourly volume (DHV), directional design hourly volume (DDHV), and
any otherrequired traffic data.

Exhibit 5-1a Example Design HourlyVolume as Function of AADT

Average DHV as a
AADT % of AADT
0 - 2,500 15.1%
2,500 - 5,000 13.6%
5,000 - 10,000 11.8%
10,000 - 20,000 11.6%
20,000 - 50,000 10.7%
50,000 - 100,000 9.1%
100,000 - 200,000 8.2%
> 200,000 6.7%

Highway Capacity Manual, 6" Edition, TRB, p. 3-12, Exhibit3-11.

B. Pedestrian and Bicycle Traffic

For most projects, the “ Capital Projects Complete Streets Checklist’, as described in
Chapter 18, is used to identify existing, latent, seasonal, and planned pedestrian
traffic needs. However, pedestrian traffic data acquisition may be necessary to
determine the appropriate treatments and design of pedestrian facilities in areas of high
pedestrian volumes and/or special use areas, e.g., central business and walking
districts, colleges, amusement parks, etc. Pedestrian data acquisition can be
accomplished through pedestrian counts, pedestrian questionnaires, and pedestrian
origin and destination studies. For information on pedestrian data acquisition, refer to
the following:

e Sketch-Plan Method for Estimating Pedestrian Traffic for Central Business
Districts and Suburban Growth Corridors:
http://trrjournalonline.trb.org/doi/abs/10.3141/1578-06

e Guidebook on Methods to Estimate Non-Motorized Travel, Volumes 1 & 2:
http://safety.fhwa.dot.gov/ped bike/docs/quidebookl.pdf
http://safety.fhwa.dot.gov/ped_bike/docs/quidebook?2.pdf

C. Data Requirements forProjects with Potential Capacity Measures

Where crowd sourced datafromcell phones, GPS units, etc. will be used, traffic counts
are required along select segments of the highway network to calibrate the data. A
standardized format for turning movement datais provided on the Highway Design
Manual Chapter 5 webpage. Additionally, the following traffic data will generally be
required to perform afull capacity analysis. The Transportation Research Board’s
Highway Capacity Manual (HCM) or software programshould be referenced to
determine the specific traffic data and physical data required.

EB 22-057 D.A. 01/01/2023 §5.2
SPEED STUDIES, HIGHWAY CAPACITY, AND LEVEL OF SERVICE


https://www.dot.ny.gov/divisions/engineering/design/dqab/hdm/chapter-18
http://trrjournalonline.trb.org/doi/abs/10.3141/1578-06
http://safety.fhwa.dot.gov/ped_bike/docs/guidebook1.pdf
http://safety.fhwa.dot.gov/ped_bike/docs/guidebook2.pdf

BASIC DESIGN 5-10

Percentage of trucks, buses, and RVs

Highway AADT

Highway DHV (two-way)

Highway Directional Design Hourly Volume (DDHV) (one-way)
Highway two-way (design hour) percent trucks

Ramp/turning roadway DHV

Peak-hour factor

Free-flow speedon highway and ramps

Weaving volumes

Ramp volumes and adjacent ramp volumes

Parking and bus stops per hour

Average travel speeds

Bicycle DHV (order of magnitude to determine appropriate facility)

Pedestrian DHV (for existing or proposed sidewalks, signalized intersections,
and transit-related pedestrian facilities)

Trafficvolumes are to be generated from:

Full 24-hour 7-day countwith class and speed

Turn counts forat least two hours that encompass the peak hour*
Turn counts on Tuesday, Wednesday, or Thursday

Turn counts while school is in session and no major events

Turn counts on two separate days, if feasible

Midday typically onlyin areas with commercial shopping

* Some highways have a midday peak period that should be shown and considered

in the project's geometric and traffic signal design. Also, there may be a need

to give traffic volumes for other peak periods for commercial generators or special
events (e.g., Saturday peak shopping hours, concert performances, fairs).

Calibration factors for themodels are to be taken within the same time frame as the traffic

count

Note:

s. Theseinclude:
Queue lengths during counts for calibration
Traveltime and delay runs using the following car method
Signal timings
Travel speeds

A major intersection, for traffic count purposes, is a signalized intersection, an

intersection approaching any of the warrants for signalization in accordance with the
Official Compilation of Codes, Rules and Regulations of the State of New York Title
17 Transportation (B) Chapter V (a.k.a., New York State Supplement to the Manual
on Uniform Traffic Control Devices [NYS Supplement]), or an intersection approaching
the warrants for a turn lane as contained in Chapter 9 of AASHTO’s A Policy on
Geometric Design of Highways and Streets, 2018.

For methods of gathering motorized traffic counts, refer to the Regional Planning
Group, the Traffic Engineering Handbook, and New York State Traffic Monitoring

Stand

ards for Short Count Data Collection.

EB 22-057 D.A. 01/01/2023
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E. Submissions of Collected Traffic Datato Highway Data Services Bureau

Upon collection, all traffic data collected is to be formatted in accordance with the
templates on the HDM Ch 5 web page and posted in the Projectwise folder named
“Traffic Data”.

The following naming conventionis to be used for files:

County_Mile Marker_Direction or Cross Road_Collection Date (YYYYMMDD)
522 Traffic Flow Diagrams, Growth Ratesand Diversion Analysis

5221 Diversion Analysis

A diversion analysis may be required when a significant change in a traffic network is
proposed and alternate routes existand are expected to be used.

Significant changes may include:

Design changes to afacility that have a significant effect on capacity or LOS
Addition of afacility
Removal of a facility
Development

e Long TermConstruction (For guidance regarding construction -related diversions,
see HDM Chapter 16)

Diversions may result in an increase or a decrease in volumes on a facility. For example,
diversions resulting in an increase in volume could occur when afacility increases in capacity
and attracts volume from other facilities. Conversely, diversions resulting in a decrease in
volume could occur when a facility’s capacity is reduced and volume diverts to other route
choices.

During project scoping, it should be determined whether the proposed project has the potential
for traffic diversions. In these cases, the study area shall be determined based on alternate
route choices and roadways/intersections that may be affected by the traffic diversions. The
Regional Travel Demand Model, maintained by the MPO, or a dynamic traffic model using
crowd sourced data such as cell phone or fleet GPS data should be used to generate revised
roadway volumes and intersection turn counts to be used in the analyses of the project
alternatives.

5222 Origin Destination Studies

An Origin—Destination (O-D) study may also be required when asignificant change in atraffic
network is proposed, regardless of how long the duration will be for this change. An O -D
study may be desired in the absence of a Regional Travel Demand Model or to provide
updated site-specific datato be utilized to update to the Regional Travel Demand Model.
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O-D studies can be performed in a variety of ways, with surveys and vehicle tracking being the
most common. A thorough explanation of many of these techniqu es is provided in aresearch study
performed inIndiana: https://trid.trb.org/view/864635.

This research reviews the various techniques used to perform O-D studies. Topics of discussion
include accuracy of data, general costs for some O-D studies previously performed, and selection
of the O-Dtechnique based on the study objectives.

It is also important to understand and document what elements require additional work and where
it is not possible to perform this work given the unavailability of information or exorbitant cost of
obtaining the information and performing the analysis. These considerations should be weighed
during the early stages of the analysis process and should be discussed during scoping.

5.22.3 Design Year Projections for Future Traffic

The projected traffic volumes for future years are to be determined using the existing traffic data,
background growth rates and should include the added traffic volumes from planned development
and other reasonably anticipatedfforeseeable projects. Reasonably anticipated/foreseeable
projectsinclude:
e Projects that have had an environmental determination (e.g., SEQRA or NEPA Record of
Decision), whichincludes all Department projects with Design Approval.
e Private development that has completed the SEQRA processor has started the SEQRA
process and is very likely to complete the SEQRA process before the project letting.
e Public projects on the approved TIP and under design.

Contact the Regional Planning Group, MPO, and municipal planners, as needed for growth rates
and the traffic volumes from planned development and reasonably anticipated/foreseeable
projects.

The year selected as the Design Year for future traffic will assist in determining how well the project
meets the objectives for capacity, delay and Level of Service over the expected service life of the
project. Design years are based on the estimated time of completion (ETC), which is when the
construction work is complete. The ETC is normally rounded up in 5 year increments to avoid
revisions required by 85.2.4. Refer to the Exhibit 5-1b for the appropriate Design Year based on
the project type. Refer to Chapter 2 of this manual, 82.2 for definitions of projecttype.

Design years for traffic forecasts other than shown in Exhibit 5-1b below shall not be used since
they could result in an incomplete analysis that does not identify opportunities for operational
improvements. To project future pedestrian or bicycle traffic volumes, refer to the documents
referencedin Section5.2.1.2.B.
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Exhibit 5-1b Design Year Based on Project Type34

PROJECT WORK TYPE®* DESIGN YEAR

Pavement Preventive and Corrective
Maintenance (including 1R and 2R projects)* Not Usually Required?

Culvert Replacements and Culvert Rehabilitations
(where the project scope is within that of a 1R or
2R project) !

HIGHWAY 3R - Resurfacing, Restoration, and Rehabilitation
WORK ETC+10
Minor Intersection Reconstruction

Reconstruction and New Construction ETC+20

Major Intersection Reconstruction

Tunnel ETC+30
Element Specific Cyclical Bridge Work4 Not Usually Required?
BRIDGE Element Specific Bridge Work!* Not Usually Required?
WORK Bridge Rehabilitation*6 ETC+10 or ETC+ 20°
New and Replacement Bridges*® ETC+20
OTHER WORK & MISCELLANEOUS/SPECIAL WORK l Not Usually Required?

Notes:

1. In some cases, these types of projects can be accomplished with minimal impacts to the traffic using the highway.
However, closure of highway travel lanes generaly requires an analysis to assure that the traffic lanes that remain
open are sufficient to use for Work Zone Traffic Control during closure. ETC traffic should be used for the analysis
and also to schedule work operations outside peak travel periods where feasible or determine the appropriate
detour routes around the proposed highway work zone.

2. Design Year is not usually required for these types of projects as traffic analyses are not generally required. However,
if the project proposes permanent changes that affect roadway capacity, then the designer should check at least
ETC+10 traffic for any effects to capacity, delay orLevel of Service

3. See Highway Design Manual Chapter 2, Section 2.2 for projectwork type definitions.
4. Refer to the NYS Bridge Manual for descriptions of Bridge Project Work Types.

5. For projects that include superstructure replacement, a design year traffic forecast of ETC+20 shall be used. For
all other bridge rehabilitation projects, use a design yeartraffic forecast of ETC+10.

6. Where the project includes a bridge replacement or superstructure replacement in close proximity to an intersection,
the future capacity needs of the intersection (through ETC+20) shall be analyzed and the bridge width shall
accommodate the future width ofthe intersection as identified by the analysis.
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5224 Proposed Signal Installations

The Estimated Time of Completion (ETC)+5 peak-hour turning movement volumes should be
determined for proposed signal installations that will meet the signalization warrants in the design
year, but do not meet the warrants for the ETC+0 year. The analysis of the ETC+5 traffic data can
be used to determine if a signal should be installed as part of the project or in a future signal
requirements contract. Regardless, the highway geometry (e.g., pavement width) should be
designed to accommodate the proposed signal.

5225 Traffic Flow Diagrams

Traffic flow diagrams should be developed for the study peak hours (e.g., A.M., midday, P.M.) for
existing, ETC, and the design year (typically ETC + 20). The diagrams should show:

e For each link, the current AADT, DHV, DDHV, and design-hour percent trucks.

e For all major intersections with crossroads or commercial driveways, the current
design-hour turning movement volumes, design-hour percent trucks, and AADTS on
all approachesfor intersections.

Screen captures fromtraffic simulation software may be used, if legible.
For controlled and partially controlled segments, the traffic volumes in the diagram should be
balanced to avoid vehicles disappearing and appearing mid-node during traffic simulations.

For uncontrolled access facilities, sections that are unbalanced by more than 10% should
include side roads, major driveways, or a representative driveway to account for the vehicles
entering and exiting the network mid-block.
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523 Capacity Analysis

5.23.1 Capacity Analysis Reguirements

Capacity analysis is a set of procedures used for estimating the traffic-carrying ability of facilities
over arange of defined operational conditions. It provides tools to assess facilities and to plan and
design improved facilities. Capacity analysis is performed using existing and projected (design
year) design-hour traffic volumes foreach alternative, including the no-build alternative.

For projects with an objective to reduce congestion, estimates of the existing and design-year
vehicle hours of delay should be determined for the build and no-build alternatives. The results of
the analysis should be included in the project’s design approval document for evaluation of the
various project alternatives.

For projects using a simplified capacity analysis per Section 5.2.1.2 A, the simplified analysis can
be performed using the HCS or the Appendix D charts available on the HDM Chapter 5 Internet
page. Section5.2.3.3doesnotapplyto simplified capacity analyses.

52.3.2 Capacity Analysis Methodology

Capacity analyses are to be consistent with the most recent version of the HCM. General
announcements of the availability of HCM revisions willbe made via Engineering Bulletins.

Department policy requires the designer to use capacity analysis software consistent with the
HCM (however, see 5.2.3.7 below). For economic, efficiency, and quality assurance purposes, the
Department preapproves a limited number of software programs for general use. The approved
software programs and contact persons are shown on the “Department Approved List of Traffic
Analysis Software Programs” on the webpage for Chapter 5. Before runningthe software, designers
should apply the latest patches or updates linked on the Department’s Internet site to help ensure
the software produces reasonably accurate results.

The same software should be used for all alternatives when practical. A roundabout, complex
interchange or freeway alternative may necessitate separate software programsto be used.

When microsimulation analysis is performed, the setup and calibration of the model shouldfollow the
guidelines outlined in the Traffic Analysis Toolbox, Volume Ill: Guidelines for Applying Traffic
Microsimulation Software (FHWA, 2004) and the HCM. Some target parameters for a
microsimulation analysis include

e At least 10 runs with different randomseeds.

¢ Run seeding for 15 min. (30 min. if the LOSis D or less).

e Runfor 1 hour or untilthe queue lengths diminish (whichever is worse). In urban areas, a
minimum run of 2 hours should be used.

e Calibrate to match existing observed conditions.

e Traffic signals should be optimized for no-build alternatives, and models should include
trafficfromapproved development.

5233 Calibration
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Cdlibration is needed to verify that that model can reasonably predict the existing conditions and can be
relied on to accurately portray future conditions. Calibration factors for the models (which are to be
taken withinthe same time frame as the traffic counts) include:

e Queue lengths
e Travel speeds
e Delays

Latent demand occurs when vehicles are not able to enter the model. Generally, a high latent
demand indicates that the model extents need to be extended to capt ure the demand. Latent delay
occurs as a result of the latent demand; vehicles that are not able to enter the model experience
delay outside of the model extents.

A calibration report or section is to be provided in the Traffic Impact Study. A sample calibration
reportisavailable at:
https://www.dot.ny.gov/divisions/engineering/design/dqgab/hdm/chapter-5.

The queue lengths should be calibrated to within 20% for queues over 1,500 ft. and to within 300 ft. (12
vehicles) for shorter queues. Travel speeds should be calibraied to within 10 mph. Delay runs should be
cdlibrated so that 85% of the runs are within 1 minute. Disarepancies tat are not resolved by adjusting the
model require an explanation.

5234 Measures of Effectiveness

A. Level of Service (LOS)

Level of service is a gualitative measure describing operational conditions within a traffic
stream, based on service measures such as speed and travel time, freedom to maneuver,
traffic interruptions, comfort, and convenience. Levels of service are given letter
designations, from A to F, with LOS A representing the best operating condition and LOS
F the worst. Level of service is specifically described for various types of highways or
portions of highways in the Highway Capacity Manual.

Character Minimum for the Design Year
Rural C
Urban D

Some projects, especially in urban areas, may provide levels of service below those shown
due to social, economic, and environmental and/or policy/intergovernmental decisions made
during project scoping and design. Decisions for lesser levels of service are to be made as
nonconforming features in accordance with Section 5.1 of this manual and explained as
appropriate.

The correlation between volumes and level of service is not direct. Level of service
computations based on volume may not accurately represent the traffic conditions on
congested highway segments when vehicles are moving very slowly. The volume at LOS F
can be the same as the volume for a higher level of service due to slow speeds and low
throughput. Therefore, travel speeds are essential for assessing whether the traffic volumes
reflect aforced-flow condition or afree-flow condition in potentially congested areas.
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B. Delay

Delay is a quantitative measure describing the additionaltime it takes to travelthrough a
segment.

e Control delay is the additional time required to travel a segment due to stopping for
a stop sign, traffic signal, etc., usually measured in seconds per vehicle. Control
delay can be calculated using common analysis tools and is the basis for the LOS.
Delay runs accountfor controldelay.

e Geometric delay is the time required to negotiate added roadway curvature,
additional travel distances, etc. regardless of other traffic and is usually measured
in seconds per vehicle. Roundabouts create several seconds of geometric delay.
Geometric delay requires calculations of travel times based on the geometry and
anticipated off peak speeds. Delay runs account for geometric delay.

¢ Delay runs measure the total time for the average vehicle to travel a segment in each
direction and is usually measured in minutes per vehicle. Simulation of delay runs
require more complicated analysis tools and should be done on projects with LOS
of D or less. Existing delay run simulations should be calibrated, typically using a
following car technique.

e Total delay is typically the total additional hours for all of the vehicles in one day
travelling though the segment. Total hours of delay is useful when comparing build
and no build alternatives.

C. Queue Lengths

A traffic queue is a line of stopped or very slowly travelling motorists waiting to proceed.
Queue lengths are a quantitative measure of the traffic demand. Where alternate routes are
available, the queue length is only a part of the total demand. Queue lengths should
represent 95%to 100% of the maximumqueue during the peak period.

¢ |n saturated conditions, queue lengths are essential measures of unmet demand. A
building queue indicates a worsening of the congestion and more demand than
capacity. Queues can build up to create gridlock and delay at upstream intersections
and interchanges that would otherwise be free flowing.

¢ In unsaturated conditions, queues that develop can be processed by an intersection
within a single cycle.

¢ Infree flow conditions, queue lengths are not measurable.

D. Peak Period Travel Speeds

Travel speed is a quantitative measure of the mobility during peak periods and can help
determine route choices and diversion rates. This measure is useful when the LOS is D or
lessand is essential for origin and destination studies.

Where the existing mainline level of service is D or worse (refer to Section 5.2.3.4.A), the
average travel speeds, averaged over the hour measured, should be determined for the peak
hours of the day. The average speeds over a segment of highway may be determined
using the test vehicle, license plate, or photography methods, as described in the Traffic
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Engineering Handbook. Peak-period traffic volumes and average travel speeds can be fed

into the Congestion Needs Assessment Model used by Regional Planning to assess vehicle
hours of delay (VHD).

5235 Capacity Analysis Updates

Judgment must be used whenever a new software release becomes available or when revisions
to the HCM are made, as to whether previously completed analyses should be reevaluated.
While many factors may enter into this decision, the overriding consideration is whether it is
likely that a new analysis will significantly change the design, investment, and/or environmental
decisions. The final determination on whether to redo an analysis rests with the Regional
Design Engineer. Refer to Section 5.2.4 forupdating traffic dataand traffic analyses.

Refer to Section 5.9.2 for guidance regarding intersection capacity and level of service analysis.
Additionally, refer to the roundabout pages on the Department’s Internet

( https://www.dot.ny.gov/main/roundabouts) and IntraDOT sites for guidance and requirements
onroundabout capacity and level of service analysis.

5.23.6 Capacity Analysis Results

Refer to the HDM Chapter 5 Internet page for the traffic analysis report format. The report
includes asummary of the methodology, the tabulated results, asummary of the results, and
turning diagrams.

Tabulate for Existing, ETC and Design Year(s) for all peaks:

e LOS
e Delays

e Queues (from VISSIM or Sim Traffic but not from Synchro since Synchro will
underestimate queuesin oversaturated conditions)
e Travel speeds

Software files are to be named logically and placed in ProjectWise. Output reports are to be
printed to pdf, named logically, and placed in ProjectWise.

52.3.7 Exceptions to the Required Capacity Analysis Methodology

Proposals to use an analysis procedure other than the HCM or the Department-approved
capacity software must be submitted to the Main Office for approval. Proposals for projects in
preliminary planning, up through the project scoping stage, should be submitted to the Statewide
Policy Bureau. Proposals for projects in either the preliminary design or detailed design stages
should be submitted to the Design Quality Assurance Bureau.

There are cases when capacity and level of service are inadequate measures to document the
traffic performance of an existing or proposed facility. These cases often involve complex
geometric and/or signal control situations (e.g., Intelligent Transportation System/Advanced
Traffic Management System); roadways or ramps which are oversaturated; or where the proximity
of controls (e.qg., signalized intersections) cause spillback, affecting nearby locations.
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In these cases, use of queue analysis and/or traffic simulation models to estimate other traffic
performance measures should be considered in addition to capacity and level of service. Contact
the Design Services Bureau or the Statewide Policy Bureau for guidance in these situations.
Also, note that the definition of Level of Service in simulation models such as Vissim is different
than the HCM definition and therefore, the density output reported by the model should not be
usedto compute HCM LOS, butrather used as is.

524 Updating Traffic Dataand Capacity Analysis

Accurate design-year traffic data is needed to help evaluate the effectiveness of feasible alternatives
and to produce the most cost-effective designs that achieve full expected service life. Desirably,
current traffic data should be used. However, since regathering data and redoing analysis is
costly and time consuming, it may be acceptable to use older data and analysis under certain
conditions. Consider updating the capacity analysis, traffic diagrams, and design year traffic
forecast (prior to distribution of the draft Design Approval Document, Design Approval, and PS&E)
if any of the following factors have the potential to impact the proposed design:

e The estimated project completion date is postponed by more than 4 years (e.g., the
ETC+20 design year is changed from 2025 to 2030).

e New development has or is expected to occur that will substantially affect the traffic
analysis.

e Travel patterns have or are expected to change substantially.

e Project limits have been expanded or modified substantially.

Where volumes are low, LOS is A or B and the project is postponed or the limits have changed,
updating the analysis is often not practical.

Traffic data, forecasts, and analyses, whether current or not, should be reviewed with the
Regional Transportation Systems Operations Engineer. If updated information is being considered,
consult with the Regional Planning & Program Manager and the Regional Transportation Systems
Operations Engineer on the need for, and how to do, an update of the design-year traffic volumes,
traffic diagrams, and capacity analysis.

If the older data will be used, consider spot checking current traffic patterns to determine if the older
data projected to the current year is representative of current conditions. Average hourly speed data
can be checked using the floating car method. Critical turning movements should be recounted, as
necessary, to ensure adequate storage length, number of turn lanes, etc., is provided.

The rationale for the retention and use of older data needs to be documented in the Design
Approval Document or, if design approval has already been obtained, in the permanent project files.

525 Speed Studies

Speed studies provide an essential measure for evaluating highway geometry. The speed study
results also serve as the basis for selecting a design speed within the acceptable range for the
highway’s functional class (refer to Section 2.7 of this manual). The Regional Transportation
Systems Operations Group should be consulted on how to conduct these studies in order to obtain
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statistically reliable results.

As an exception to a formal speed study, the Regional Transportation Systems Operations
Engineer can select an off-peak 85t percentile speed equal to or above the regulatory speed based
ontheir expertise and experience.

Note: The regulatory speed alone is generally not a reasonable indicator of the off-peak 85th
percentile speed. Numerous studies (including FHWA'’s “Effects of Raising and Lower Speed Limits
on Selected Roadway Sections,” 1997) have shown that speed limits have only a very minor effect
on operating speeds and cannotreliably be used to predict the operating speed.

5251 Speed Terminology

A. 85! Percentile Speed (Operating Speed)

The operating speed is a single speed that reflects the majority of motorists. Rather than
use an average speed, which may only accommodate half the highway motorists, the
Department and most transportation agencies use the internationally accepted off- peak 85"
percentile speed to represent the operating speed. The 85t percentile speed is the operating
speed that only 15% of the motorists exceed during off-peak hours.

B. Recommended Speed

The recommended speed is the maximum speed, under optimal conditions, considered
appropriate for a particular location. The recommended speed should consider the
alignment and sight distance. Other physical conditions, such as narrow lanes, roadside
development, steep grades, etc., may also be considered.

The recommended speed based on the vertical sight distance should be determined from
Appendix B of this chapter. The recommended speed based on the horizontal sight distance
should be based on Section 5.7.2.4. The recommended speed based on the superelevation
and radius should be determined by (in order of preference):

e Calculating the speed fromthe geometry and equation from Section 5.7.3 of this
chapter.

¢ Using a ball bank indicator reading of 10° forhorizontal alignment.

e Using Figures 5-8 and 5-9 of this chapter when haorizontal alignment when the
radius and superelevation are known.

Note: Each method will result in slightly different results.

C. Advisory Speed

The advisory speed is defined as the recommended speed rounded to the nearest 5 mph,
butnot more than the posted speed.

D. Regulatory or Legal Speed Limit
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The Regulatory or Legal Speed Limit is the maximum speed along a highway segment
allowed by local or state regulations. It may also be referred to as the posted speed when
regulatory signs are posted. When regulatory signs are not posted, the speed limit is the
statutory speed.

E. Statutory Speed Limit

The statutory speed limit is 55 mph as established by the NYS Vehicle and Traffic Law.

5252 Speed Study Methods

The existing operating speed can be determined or estimated during the off-peak hours by
using (in order of preference):
Speed measuring devices.

2. A radar spot speed study of at least 30 vehicles (preferably 50 vehicles) that can be

performed during off-peak periods. This is generally only practical for highways with
250vpd or greater.

3. The data used to set a speed limit at the project site, if such data is still representative of
currentand anticipated operating conditions.

Test cars or following-car techniques during off-peak periods.

5. The statewide operating speed study for a similar facility. This information is available
fromthe Highway Data Services Bureau in the Office Technical Services.

5253 Speed-Study Location

Select a speed-study location where motorists are not affected by localized nonstandard features
or traffic control devices (e.g., stop signs, narrow bridges, sharp curves). The study may need
to analyze both directions to ensure that it measures the highest speeds. Refer to Exhibit 5-2
for examples of howto locate the speed study.
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Exhibit 5-2  Speed Study Locations

Example 1 - Project with a short Measure 85"% speed on
length and a localized restriction. adjacent highway segment

Measure

85"% speed on
adjacent highway
segment

- Project Limits
Example 2 - Resfriction at one end
of the project limits.
Project Limits H
Measure >
85"% speed

L

Village

Example 3 - Curvilinear Alignment.
Measure 85"%
speed on curves

Project Limits

Measure 85"% &

speed on curves

NOT TO SCALE
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5.3 CRASH ANALYSIS

Identifying the cause(s) of crashes will usually provide an insight into what corrective measures may
be taken to minimize potential future crashes. Around 1,000 fatal crashes and nearly 200,000 injury
crashes occur per year on New York state and local highways. Approximately 40 percent of the fatal
crashes and 30 percent of the injury crashes occur on the State Highway System. The estimated
average cost of afatal crash in New York State is $12,258,933 and the cost of aserious injury crash is
$689,924.

The purpose of acrash analysis is to identify crash patterns which may be correctable by studying and
guantifying crashes within and immediately adjacent to the project limits. The analysis should then
isolate and identify the causes of crash patterns and clusters, and identify potential countermeasures.
The Regional Traffic Group can either performthe analysis or assist in its conduct and interpretation.

53.1 Applicability

An Initial Crash Screening and either an Intermediate or Advanced Crash Analysis shall be
performed on every highway and bridge projectthat offers an opportunity to address crash causes or
severity as identified by the Department’s CLEAR application (see below) or the Highway Safety
Manual (HSM) formulas.

Examples of projects that will not likely benefit fromacrash analysis include:

Element-Specific maintenance projects, such as sidewalk/ADA curb ramp repair, pavement marking
contracts etc.

Bridge preventive maintenance projects, such as Element-Specific Cyclical Bridge Work, joint repair,
bearing replacement, etc.

532 Timing and Responsibility

A crash analysis and previous Highway Safety Investigations or Operation Studies can aid in the
development and evaluation of project alternatives, and in determining the need for potential safety
improvements. Therefore, a crash analysis and study review should be performed early in project
scoping and documented in the Project Scoping Reportand in the Design Approval Document
(DAD).

Project developers, in conjunction with the Regional Traffic Group, are responsible for retrieving and
analyzing crash data in accordance with this procedure and for incorporating scope appropriate crash
countermeasures or other safety enhancements which address the identified crash patterns into
each capital project. To achieve the Department's goal of continually improving highway safety for
the public, effective crash countermeasures and enhancements should be considered for inclusion
into its projects. Any identified mitigation measures which are not included should be considered for
future project programming.

During the project development process, the crash analysis should be reviewed when the latest data
used in the analysis is 5 or more years old OR if substantial changes have occurred at the project site
that may affect crashes. These changes may include differenttraffic patterns or substantial volume
changes; increased intensity or change in type of development (commercial, industrial, residential,
etc.); new/different traffic control devices (signals, signs, markings, etc.); roadway feature changes,
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etc. The crash analysis should be updated if anew crash pattern or cluster has appeared, and cost -

effective mitigation measures should be recommended, as appropriate.  Any re visions to the

recommendations or proposed mitigation measures should be documented in the either the Design

Approval Document (prior to design approval) or areevaluation statement if design approval has
been obtained.

533 Crash Analysis Procedures

The crash analysis steps and level of review depend on the project type and opportunities for
practical improvements. The Department’s Crash Location and Engineering Analysis Reporting
(CLEAR) application “Site Investigation” can assist in determining the potential for safety
improvement compared to other similar highway sections. CLEAR will calculate the “Potential
for Safety Improvement” based on New York State Safety Performance Functions (SPF) and the
CLEAR Facility Type. The Initial screening will also identify specific crash types that are
overrepresented for the selected facility type. This information can be used to determine if the
Intermediate or Advanced analysis procedures are appropriate. For details on the initial screening
process and the CLEAR Site investigation procedures, refer to the New York State Highway Safety
Investigations Manual (which is available on the Highway Safety and Traffic Operations webpage).
The Regional Traffic engineer or designee should confirmthe level of analysis required.

534 Highway Safety Investigation Report

The Regional Traffic Group can provide a number of project supporting documents based on a
safety investigation. Depending on the level of analysis performed, this may include summary
crash statistics, collision diagrams, site reviews, safety recommendations, and alternatives
analysis. These documents are not all required as part of a crash analysis for a capital project
but the problems identified and proposed solutions should be discussed early in the project
development process
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5.4 VACANT

55 RIGHT OF WAY (ROW)

The designer is responsible for determining the right of way needs necessary for the construction
and maintenance of a proposed project. An assessment of right of way needs should be made
during the project scoping stage. Specific right of way needs are determined after the various
design alternatives have been identified and evaluated. Each alternative's potential impact upon
the residents, environment, neighborhood, businesses, land use, and users should be examined
and evaluated. The designer should coordinate with all involved program area groups to gain a
varied perspective on the impacts of all alternatives. This should be done as early as possible
and programmed into the project schedule.

Theright of way processes described in this section are applicable to Design Build projects. Refer
to the NYSDOT ROW Instruction Manual and the NYSDOT Design Build Procedure Manual for
additional information.

551 Abstract Request Maps

Once properties which are affected by the various alternatives being considered are identified,
the designer should submit the proposed right of way limits to the Right of Way Mapping Group
(i.e., consultant or Regional). These proposed right of way limits will be outlined on base mapping,
as described in Chapter 3 of the Right of Way Mapping Procedure Manual, to create an Abstract
Request Map (ARM). The Right of Way Mapping Group sends the ARM to Regional Real Estate
forforwarding to the Department of Law (DOL).

An ARM is prepared to obtain the necessary title data for the properties that may be acquired by
the project. It provides the DOL with a means of identifying the properties for which title data is
required. Supplemental ARMs should be submitted whenever changes in a project’s work limits
occur which will affect which properties are being acquired. DOL requires title data be fore they
can provide title certification of most right of way acquisitions. Title certification is required by
Real Estate (i.e., Regional and Main Office) before compensation offers can be extended to land
owners.

The size of the ARM will vary depending upon whether it includes just the preferred alternative,
or all of the feasible alternatives. The decision on how many alternatives to include should be
based upon the size of the project, the amount of time needed to research the title data, the cost
to the Department for requesting additional title searches, and the complexity of the title data
along the project’s corridor. The designer should consult with the Regional Real Estate Group
and review the project schedule to determine when this information needs to be available. ARMs
should generally be submitted to the Real Estate Division a minimum of 12 to 24 months prior to
the PS&E for the project, depending upon the amount and complexity of the title data requested.

A “Table of Temporary Reference Numbers” (TRNS) is generated as part of the ARM. This table
lists all proposed acquisitions from properties that could be affected by the project. (Refer to
Chapter 3 of the Right of Way Mapping Procedure Manual for more information on TRNSs). This
table will be updated and further expanded during later stages of the project to tabulate the
anticipated right of way acquisitions.

552 Design Approval Document (DAD) and Preliminary Plans
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The designer should provide information about the magnitude, types, and overall cost of
preliminary right of way for each of the feasible alternatives in the Design Approval Do cument
(DAD), for both federally and state-funded projects. This information is provided to the public and
other evaluators of the project to assist them in determining the magnitude of the right of way
acquisitions and the proposed limit to which the acquisitions extend into private and public
properties foreach feasible alternative.

All feasible alternatives which involve right of way acquisitions should be shown onthe preliminary
plans in the appendix of the DAD. These preliminary plans should inclu de, along with existing
and proposed highway alignments, the schematic delineation of the approximate limits of existing
and proposed right of way (Refer to Appendix 7 of the Project Development Manual).

Note: Right of Way Plans, for use in a separate right of way approval process, are not required
as part of the documentation of right of way required for a project. The contract plans will provide
the Department’s documentation of what right of way was determined to be necessary to be
acquired for aproject.

In addition, the DAD should also include (in the appendix) for each feasible alternative, a “Table
of Anticipated ROW Acquisitions” which lists all property owners from whom right of way is
anticipated to be acquired (Ref. Project Development Manual, Chapter 4). A tabulated list is not
required for aproject which does nothave ROW acquisitions.

The “Table of Anticipated ROW Acquisitions” should include the following information for each
property fromwhich aROW Acquisition will be appropriated:

e Land owner’sname
e Type of acquisition
e Estimated ROW area to be acquired

This summary of ROW information will be utilized by private land owners, municipalities, and
FHWA (if federally funded) to evaluate the magnitude and limit of the ROW acquisitions as part
of the project review process. This information will also be used by the Regional Real Estate
Group (upon receipt of the final Design Approval Document) to obtain Acquisition Phase
Authorization.

553 Right of Way Determination

The design should include proposed ROW lines on the working plans which encompass the areas
required to access, construct, and maintain the proposed facility. The designer shall allow room
beyond the construction limits (toe or top of slope) for construction equipment and for future
maintenance operations, such as mowing or cleaning ditch lines. The type of acquisitions should
be determined by the use for which the land is taken, the party for whom the access will be
provided, and whether the need for the land will continue after the construction contract is
completed. If no work extends beyond the existing highway boundary, there is no need to acquire
additional ROW General guidance for width of right of way to be acquired beyond the construction
limit includes:

e Adistance of approximately 10’ (3 m) is desirable when it can be obtained with little extra
cost or impact to the adjacent property, such asin rural areas with no nearby dwellings.
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e A minimum of 1.5 to 5’ (0.5 m - 1.5 m) should be used where right of way costs are
more expensive or impacts are more significant, such as on front lawns of houses or in
commercial areas with limited building setbacks.

e A minimum of 1’ (0.3 m) should be considered in urban settings where buildings are set
close to the roadway, or outside of sidewalks which are separated or detached from the
highways by a wide utility strip or grass area.

In addition to cost, consideration should be given to visual aesthetics, maintenance activities,
roadside safety (i.e., clear zones and clear areas), regional guidance such as "Guidelinesfor the
Adirondack Park", future development (e.g., zoning setbacks), accommodation of utilities,
drainage design, soil erosion and sediment control during construction, and di sruption to adjacent
property owners, when determining taking lines. Discussion with all involved functional units,
municipalities, utility companies, and regulatory agencies should occur early in the design process
to ensure all impacts are fully evaluated.

The reestablishment of driveways, private sidewalks, and other approaches to private lands
should be accomplished by use of releases. This work shall only include what is necessary to
reconnect a privately owned approach to the adjoining highway. This work should not include
any construction activities that are critical to the successful completion of the project. Therefore,
work done within a release should not include grading for roadway support, installation of highway
drainage (as opposed to those driveway culverts which do notform a part of the highway drainage
system), municipal utility lines or structures, or construction of public sidewalks. Refer to Section

5.5.6.6 for additional guidance regarding reestablishment of approachesto private lands.

Taking lines should generally avoid frequent angle points. When angle points in the taking lines
are necessary, they should generally be kept a reasonable distance ( 10’ (3 m) minimum) from
property lines which are transverse to the roadway, to avo id being mistaken for property line
corners between adjacent owners.

Refer to Section 5.5.6 for additional guidance regarding types of right of way and access.

554 TakingLine Review Meeting

Once the preferred alternative is chosen for a project and the initial right of way taking lines are
detailed, the designer is to schedule a meeting (commonly referred to as a “Taking Line
Review”) to discuss the limits and types of the proposed right of way acquisitions, any concerns,
the project schedule, and make f inal determinations regarding the size and type of acquisition(s)
to be mapped. On large projects, it may be advisable to break the project into segments and
schedule separate meetings to discuss each segment The taking line review meeting is to
include the project designers, consultant manager (for consultant-designed projects), and
Regional representatives from:
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Real Estate

Survey

Landscape Architecture
Environmental Services
Right of Way Mapping

Representatives from Regional Construction, Maintenance, Transportation System Operations,
and Program & Project Management are to be invited to attend the meeting. If taking line changes
become necessary after the meeting, the group should be reconvened to discuss the changes.

For a taking line review meeting, the designer should portray the following information on project
base mapping so that it is easily understood by the attendees. Colored lines or colored shading
may be used to improve clarity.

Baselines and center lines.

Proposed construction work limits such as toes and tops of slopes or safety-related clear
areas.

Anticipated construction operations and stages, traffic control plans, erosion and
sediment control plans.

Proposed structures such as bridges with wingwalls, buildings, sidewalks, retaining
walls, and signand lighting structures.

Existing private underground services such as utility lines, wells, septic systems, and
storage tanks (especially when the site is known as a former gasoline station location).

Approximate boundary of contaminated soils, if known.
Existing and proposed access control delineated and labeled.

Existing and proposed aboveground and underground private and municipal utilities
(e.g., fire hydrants, underground utility lines & structures, utility poles, signal poles, pull
boxes.

Proposed drainage facilities, including piping, underground structures, headwalls, open
ditch lines with the direction of flowindicated, and stormwater management facilities.

Existing highway boundary lines and proposed right of way acquisitions.

Types of acquisitions indicated and labeled with the purpose of each easement.
The limit of work on all side roads and driveways.

Any building acquisitions and all structure encroachments into the ROW.

The separate identification of all properties fromwhich ROW s being acquired but were
notidentified, or were identified butare no longer needed, on the Abstract Request Map.

In addition to the project mapping, the designer is to provide cross sections with the pro posed
construction work limits and right of way limits shown for reference during the Taking Line
Review.

555 Design Phases V-VI, Final Design Stage
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The contract plans will document what right of way acquisitions were determined to be necessary
to construct and maintain the project with the ROW acquisition maps serving as documentation
of the actual right of way acquisition. Thus, the contract plans should include an accurate
representation of all the right of way acquisition maps which demonstrate the proper ties which
are to be appropriated for that project. To provide this documentation, the contract plans should
include a graphical presentation of all acquisitions on the general plans. Separate “Acquisition
Plans” should be prepared for projects in which the general plans would otherwise be too
congested to clearly portray both the construction improvements and the right of way acquisitions
on the same plan sheets. In addition to the general plans or acquisition plans, a “Table of Right
of Way Acquisitions” shall be prepared. This table is expanded from the Design Approval
Document “Table of Anticipated Right of Way Acquisitions.” To keep this information current and
inclusive of all changes that occur during design refinement, frequent communication bet ween
the designer and ROW Mapping Group is necessary, so that all changes can be reflected on both
the contract plans and the ROW Acquisition Maps. The designer should also contact other groups
when changes affecttheir interests.

Design changes in areas of land acquisitions need to be communicated to the Regional Real
Estate Group during final design, so they are aware of potential impacts to adjacent landowners.
Regional Real Estate meets with each of the affected landowners along a project to describe the
type and size of the acquisition that the State is appropriating from their property. These
discussions include how the project will affect the topography, structures, and landscaping of a
property. Therefore, Regional Real Estate needs to be kept abreast of construction impacts and
any changes to those impacts on adjacent land parcels and receive periodic updates of general
highway plans, profiles, and cross sections.

Design changes in areas of land acquisitions that impact environmental issues (e.g., historic,
parkland, wetland) need to be communicated to the Regional Landscape and Environmental
Section during finaldesign, so that they are aware of any changesto permits or mitigation needs.

The “Table of Right of Way Acquisitions” shallinclude:

Reputed owner’s name.

Map and parcel numbers.
o Types of acquisitions. PEs and TEs shall include the purpose of the easement.
e ROW area to be acquired.
e State highway number (on projects which include more than one state highway).

[ ]
A copy of this table should be forwarded from Design to Regional Real Estate at least two
weeks prior to PS&E, for Real Estate’s use as a checklist to determine if all acquisitions have
been processed, and for obtaining ROW Certification. This list in the plans will provide a
tabulation of all ROW acquisitions for use by the Contractor and EIC, as well as for historic
reference of what ROWwas acquired for that specific project.
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556 Types of Right of Wayand Access

Right of way is usually acquired by appropriation. Appropriation is the acquisition of property by
the government through the right of eminent domain. The amount of right of way acquired
shall be limited to only what is necessary to access, construct, or maintain a highway and
its designed features and appurtenances.

The different types of right of way acquisitions and access are described in Sections 5.5.6.1
through5.5.6.9.

556.1 Fee with full access - Fee (W/A)

A. Definition

Acquiring absolute right, title, or estate to a parcel of land for use by the state for purposes
related to highways or other transportation related facilities.

B. Types of Use

Fee with full access is used for the construction or maintenance of roadway pavements,
structures, appurtenances, and their supporting foundations. Fee acquisitions should be
appropriated to include all permanent structures which are part of the highway
infrastructure, but are not within the existing highway right of way. These should include
wing walls, headwalls, guide rail, sign structures, signal equipment, public sidewalks,
drainage structures, and retaining walls used to support the highway. In addition, fee
acquisitions should be appropriated to include all highway elements which are necessary
to support or protect the integrity of the highway (e.g., roadside ditches or side slope
protection installations) or to mitigate environmental impacts associated with the proposed
project (e.g., the acquisition of land for wetland creation).

In certain situations, such as in highly developed commercial areas, a fee acquisition may
reduce a commercial property to below a standard size lot required by local zoning or
reduce a building setback below the minimum requirement. These two situations could
cause undue hardship on the owner should they end up with a substandard lot. The
implications of afee acquisition in these cases far outweighs the cost of the land, therefore,
a Permanent Easement acquisition may be more appropriate.

Acquisition of ROW should be avoided around areas which include private wells and septic
systems, underground tanks, private drainage systems which collect, transport, or
discharge storm water from a private property, and retaining walls which support private
property embankments. Appropriation of these facilities will implicate the state for their
maintenance responsibility or liability in the future.
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55.6.2 Fee without access - Fee (W/OA)

A. Definition

Same definition as Fee W/A, except that the remainder parcel of the abutting owner is
denied direct access across the fee parcel to the public highway. Fees W/OA that are
purchased to limit access are usually acquired at a minimum width of approximately 1 ft,
butcan include the entire acquired parcel.

B. Types of Use

Fee without access is used to control (deny) access onto “limited access’ types of
highways such as interstates or parkways, or to control access in highly congested or
crash prone portion of highways. Fees W/OA may also include all of the types of use
listed under Fee W/A.

55.6.3 Permanent Easement (PE)

A. Definition

Permanent easement is the acquisition of certain rights and interest to use or control a
property for a designated purpose. In most cases, the property owner retains the use of
the property forother functions which do not interfere with the purpose of the easement.

B. Types of Use

Permanent easements provide for the limited use of private property which is necessary
for highway purposes. The PE Map must describe the specific right that is being acquired
and forwhat purpose. Examples of thisuse are:

e Drainage - To control the direction and maintain the flow of storm water. This may
include minor underground drainage lines which collect storm water from low areas
adjacent to the highway, or discharge storm water to naturally occurring
watercourses which lie adjacent and downstream of the highway. (See also,
discussion of rights of entry in Section 5.5.6.8.)

e Sight Distance - To allow for clearing and maintaining of a critical sight distance
area.

e Slopes - To maintain the stability of a side slope along a highway which does not
support acritical highway element, (e.qg., large back slope out fromaditch line).

e Viewsheds - To allow for the conservation and development of roadside view
sheds and natural features.

¢ Maintenance Operations - To allow maintenance crews access to highway
structures or other appurtenances for the intent of maintaining their integrity or
purpose.
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Bank Stabilization - Banks of streams or rivers which are susceptible to erosion
near a highway may require stabilization efforts to be maintained.

Commercial Access Control - Along highways, where commercial access control
is desired, a PE can be acquired for highway purposes to allow for construction of
roadside traffic control elements (PEs can be used in these instances, as a last
resort, where minimum commercial lot sizes, setbacks, or green spaces would be
reduced and property value would be significantly compromised by afee taking).

Clear zones and clear areas - To create and maintain clear zones and clear areas.

Railroad properties - For construction of any permanent highway bridge structures
across an operating railroad property, in most situations a PE is acquired from the
applicable owner. In some situations, specific railroad companies have not agreed
to PEs, but have provided permits to allow for the construction work and future
maintenance.

Contaminated soil - To acquire the rights of access and/or use a piece of real
estate without owning the underlying fee and contamination liability. Refer to
Section 5.5.6.9 Afor additional guidance.

Snow fence - to allow for the construction and maintenance of permanent snow
fence installations.

556.4 Temporary Easement (TE)

A. Definition

Temporary easements acquire the use or control of a piece of property for specific use(s)
during a construction project, for a set or limited duration of time (usually the length of the
construction contract). The owner is compensated for their inconvenience, loss of value,
orloss of accesson the TE.

B. Types of Use

Temporary easements should be used for work which is essential to the proper, timely,
and safe completion of the project, but not for work which restores private access to a
highway. Examples of temporary access are:

For construction and removal of a temporary detour or onsite diversion, including
bridges.

For construction and removal of temporary pedestrian bridges or walkways.

To demolish or raze a structure on a property where the state has taken title to the
structure, butdoes notown the underlying property.

To slightly modify the land features or grade characteristics of an adjacent property
that improves the safe use or integrity of the highway while not affecting the
existing land use.

To allow access for specialty construction equipment such as pile drivers or
cranes.
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e [For stream realignment including the excavation or clearing of a new streambed
or backfilling and seeding a former streambed both of which reside on the same
owner’s property.

e Foruse by the contractor for the temporary storage of equipment or materials used
on the construction project (if deemed beneficial to the Department), or for
temporary access by the contractor across private property.

e Toinstall and maintain temporary soil erosion control measures.

55.6.5 Temporary Occupancy (TO)

A. Definition

Atemporary occupancy maps a specific area of private property, which under Section 404
of the Eminent Domain Procedure Law and Section 30 Subdivision 17 of the Highway Law
allows the state or its designees (contractors) to enter upon for project -related business.
A TO allows for compensation to the landowner up to $2500 for loss of use or damage to
their property during construction activities. However, since the land is not appropriated,
some situations have arisen during which construction work has been delayed by the
landowner, or the assessed damages have exceeded the $2500 limit. In some cases, the
TOs have beenreprocessed as TEs; duplicating much of the effort.

B. Types of Use
Temporary occupancies are discouraged and shall only be processed with the
concurrence of the Regional Real Estate Group. TOs are only to be used in isolated

situations where there is a definite advantage to the state, and then, only used on areas
which are noncritical to the completion of the project.

55.6.6 Reestablishment of Approaches to Private Lands

Section 54a of the Highway Law, Reestablishment of Approaches to Private Lands, allows
the Department to reestablish existing entrances, approaches, or driveways to meet the new
highway grade. Entrances, approaches, and driveways have been interpreted to include
driveway, curbs, sidewalks, stairs, etc. Before the contractor is allowed to make any
adjustments outside the State’s ROW, a release from the property owner must be obtained
as discussed in Section 107-14 of the Contract Administration Manual, MURK Part 1A. The
release provided in Section 107-14 should be used. A release is a nonbinding agreement
(without compensation) between a landowner and the state to allow for the reconnection of a
private or commercial access to a highway. No TE or TO maps are used for this purpose,
and no compensation is paid to the land owner since the reconnection is for their benefit. No
project-related work should be included under this release that, if the owner were to deny
access, would prohibit the contractor from completing an essential element of aproject.

Refer to Appendix Aof this chapter for the Driveway Design Policy
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55.6.7 Planting Trees and Shrubs Along State Highways

Section 19 of the Highway Law, Planting Trees and Shrubs Along State Highways, allows the
Department to plant trees and shrubs on private property with the consent of the property
owner. If plantings on private property are to be specified, form HC91, illustrated in Section
107-14 of the Contract Administration Manual, MURK Part 1A must be used to obtain the

property owner’s permission before the work can begin.

55.6.8 Rights of Entry

The rights of entry discussed in Sections 5.5.6.8 A and B should be used with caution. If
exercised inappropriately or without proper cause, it could lead to claims filed by the adjacent
land owners. These rights do provide for access in situations where the integrity of the
roadway is threatened or the safety to the public user s of the highway could be in jeopardy.
For any work in a stream or creek which is performed outside the existing highway boundary
and alters the channel location, flow characteristics or the underlying land use, should be
accomplished within ROW acquired by appropriation. This appropriation should compensate
the adjoining land owner for any change in the riparian rights they had prior to this work.

A. Section 45 of the NYS Highway Law

This section states that DOT employees or contractors working for the state can enter
upon lands adjacent to a state highway or which contain a stream or creekto:

¢ Open, maintain, or construct an existing ditch or drain for the free passage of water
for drainage of such highway.

e Construct, reconstruct, or maintain drainage channels in order to keep the waters
of such streams or creeks within their proper channel and prevent their
encroachment upon state highways or bridges.

e Remove or change position of a fence or other obstruction, which in DOT’s
judgment prevents the free flow of water underor through astate bridge or culvert.

e Remove private fences or obstructions which cause snow to drift in and upon a
state highway, or to construct or remove temporary snowfences which prevent the
drifting of snowin or upon astate highway.

¢ Inspect, remove, or prune trees which in DOT’s judgment constitute a danger to
the users of the adjacent highway.

B. Section 404 of the Eminent Domain Procedure Law (EDPL) and Section 30,
Subdivision 17 of the Highway Law

These sections of the law allow for DOT employees or contractors working for the state to
enter upon private land, prior to acquiring any real property, to engage in work connected
with a proposed public project. This right of entry shall be for the purpose of making
surveys, test pits and borings, or other investigations needed for the project. The state’s
representatives shall be responsible to notify the private land owners, by mail, prior to
entry upon the land. The state shall also be liable to the landowner for any damages
caused by oras aresultof entry.
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556.9 Special Considerations

A. Contaminated Soil

Acquisitions along properties which have in the past or still do contain commercially sold
or used hazardous materials (including petroleum based) should be investigated for
possible contamination of the soil on the site. Hazardous waste and contaminated
materials procedures described in the Environmental Manual should be followed and
investigations coordinated with the Regional Environmental Contact. When acquisitions
are deemed necessary on properties which have been determined as contaminated, care
should be used in determining the limits and types of acquisitions due to possible legal
implications. Therefore, the following guidance is provided to assist in these
determinations:

e Outer limits of the soil contamination in areas of possible ROW acquisitions should
be determined as closely as present technology allows.

e Existing sources of the contamination should be investigated, and appropriate
action taken to prevent further contamination. If any possible sources of
contamination are located within a proposed acquisition, (such as underground
petroleum storage tanks or piping system which leaks), it shall either be avoided,
or removed and appropriately disposed of. This removal shall be performed under
the use of a Temporary Easement.

e Acquisitions of hazardous waste contaminated soils which are abso lutely
necessary, (other than petroleum-based contamination) shall be acquired as
Permanent Easements. This action avoids acquiring the underlying fee title and
the possible contamination liability. Final determinations of these type of
acquisitions should be coordinated with the Department’s Office of Legal Affairs.

e Acquisitions of petroleum-based contaminated soils, (which do not include any
remaining sources of the contamination) are regulated by different federal and
state statutes than other hazardous wastes, and thereby have different liabilities
associated with them. Thus, fee acquisition of petroleum contaminated soils may
be permitted, if the Department does not acquire any part of the systemfromwhich
the release is believed to have occurred. If uncertain of the potential implications
of a specific acquisition, seek legal counsel from the Department’s Office of Legal
Affairs.

B. Utility Easements

Utilities acquire easements from private land owners for the purpose of locating their
facilities across private property. These easements are generally affected when a
proposed project requires acquisition of some or all of the land rights of the same property
that the easement is located upon. The two ways the Utility easement may be affected
are as follows:

e An acquisition in which the Utility is required to relocate their facility - In this case,
all project-related relocations of utility facilities located on private property will be
reimbursed from construction funds pursuant to Section 10 (24-b) of the Highway
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Law, and Chapter 13 of this manual. By reimbursement for this relocation, all
existing Utility easements located within proposed acquisitions shall be assumed
to be compensated for and extinguished.

e An acquisition in which the Utility is not required to relocate their facility - In this
case, the Utility retains their easement rights that they held prior to the proposed
acquisition. The proposed acquisition is thus made “subject to” the rights
previously held by that Utility.

557 Encroachments

Encroachments exist on many highway rights of way. Generally, the owners should be requested
by Regional Transportation Maintenance to remove these encroachments. However, an
encroachment may be allowed to remain if it can be shown that the structure in no way impairs
or interferes with the free and safe flow of traffic on the highway. Encroachments are allowed to
occur when a"Use and Occupancy Permit" has been granted, however, FHWA must also approve
an encroachment that remains on a project requiring FHWA’s design approval. The designer, in
consultation with the other program area groups, may recommend to the Regional Director that
the encroachment remain. If approval is granted, the Real Estate Group is responsible for
managing the encroachment.

558 Excess RightofWay

Excess right of way is defined as existing transportation property beyond that which is sufficient
to ensure safe, efficient operation of the highway as it exists and as it will exist in the foreseeable
future. Changes in the highway alignment often result in an excess of right of way, or an existing
excess is noticed in the design process. Excess right of way is established on a project specific
basis. When determining excess rightof way, the designer must consider the following:

e Probability of the need for future improvement (check the present volume/capacity ratio,
level of service, crashrate, etc.).
Horizontal sight distance.

Adequate clear zone widths.

Surface and subsurface drainage.
Snow storage.

Pedestrian facilities.

Bicycle facilities.

Bus turnouts.

Traffic control devices.

Utilities.

Access control.

Effects on property owners.

Wetland mitigation.

Preservation of views and aesthetics.

The Real Estate Group has responsibility for the disposal of excess right of way. See M.A.P. 78-
5-1 Disposal of Surplus Real Estate and A02-5-29 Excess Property Identification for details of the
procedure.
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559 ROW Markers

Right of Way (ROW) Markers along a highway delineate the right of way:

e Toassist adjacent land ownersin the identification of the limits of the highway boundary
adjacent to their property.

e To assist maintenance crews in determining the limits of the highway which they are
maintaining.

¢ To monument the limits of the right of way, which provides secondary control for future
reestablishment of the highway boundary.

559.1 Where and When to use ROW Markers

ROW Markers are intended to delineate the boundary between the highway and private
property, and mark any changes in the direction of that boundary line. All new right of way
limits should be monumented as part of their associated construction projects. ROW Markers
should be installed at all angle points along the proposed or new right of way boundary.

ROW Markers are not intended to monument the property lines between private properties.
Therefore, no markers should be placed at property lines, except in unavoidable situations
where an acquisition has to end at a property line. Recommendations on where and when to
place ROW Markers should be reviewed by the Regional Land Surveyor.

559.2 Which ROW Markers to Use

The Department uses concrete and steel pin and cap ROW markers. Refer to the
Department’s 625 series standard sheets for the ROW marker details. The following factors
need to be considered when choosing between the various types of ROW markers. Proposed
ROW Marker locations and types should be reviewed by the Regional Land Surveyor.

o Safety - Consider whether pedestrians, bicyclists, land owners, or vehicular traffic could
be exposed to a hazard by placing a high or low concrete marker adjacent to, or within
a sidewalk, public path, lawn area, or driveway.

e Aesthetics - Consideration should be given to the visual impact of ROW markers on a
project area. For example, the placement of a line of high concrete markers (fence post
look) may be visually intrusive to the project area. In situations where markers will be
visually evident and could potentially create a less than desirable effect on the area’s
aesthetics, use of low or steel pin markers should be considered. Any use of concrete
markers on or adjacent to historically significant or contributing properties, should be
coordinated with the regional contact for historic and cultural resources.

e Land Use - Consider the present or anticipated land use for the adjacent properties. It
is not desirable to install concrete markers in existing or proposed parking lots,
driveways or sidewalks, maintained lawn areas, or on parklands. In contrast, it is
advisable to consider the use of either high or low concrete markers near cultivated fields
(since they need to be seen to be avoided), and use high concrete markers in
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unimproved areas that have heavy underbrush, wetlands, or include standing water, to
simplify their rediscovery in the future. Low concrete or steel pin markers are appropriate
along interstates which also have fencing to delineate the right of way limits. Low
concrete or steel pin markers should be used on or near commercial properties,
depending on proximity to walks or driveways, and the resulting landscaped appearance
after installation.

e Ground Conditions - Consider the types of ground materials or the underground utilities
where markers are to be set. Rock outcroppings may necessitate the use of steel pin
markers (by drilling and grouting), and high water table or unstable soils may warrant
concrete markers to ensure their stability. While underground utilities warrant care on
the contractor’s part during installation, the designer may need to include a special note
to establish the depth that a marker is to be set over utilities or pipes.
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5.6 ECONOMICANALYSIS

The objective of economic analysis is to help select the most efficient transportation project or
plan that minimizes the use of valuable resources (money, land, time, materials, manpower, etc.).
A variety of methods exist for selecting the most cost-beneficial projects or for selecting a superior
alternative from among a group of proposals. The following are brief descriptions of four common
methods used by the Department, with simple examples of each. Exhibit 5-5 offers a reference
to determine which method is usually used for various project types, and the functional unit
generally responsible for the analysis.

Environmental Impacts

Manual

Exhibit 5-5 Economic Analysis Problem Types, Analysis Methods, Guidancein Force,
and ContactforMore Information
Analysis Type Method Guidance Contact
Bridge Rehabilitation _ Bridge Manual Office of
vs. Replacement Life Cycle Cost Section 19 Structures
Bridge Ab_andonme_ntvs. User Benefits Economic Analysis Statewide Policy
Preservation Decisions Worksheet for
Agency costs ; Bureau
Bridges
Pavement Comprehensive
Rehabilitation Life Cycle Cost '\P/laverglent Design I\B/Iaterlals
Alternatives yanua ureau
Chapter 3
Highway Safety
Crash Safety B/C Ratio Improvement
Reduction (Safety Benefits / Program Procedures | Office of Traffic
Treatments Project Costs) and Techniques Safety & Mobility
Manual, a.k.a. the
‘Red Book'.
Mobility Incremental ggsr][v/\-l\?(/:gusrign Statewide Policy
Betterment B/C Ratios 9 Bureau
Package
Social, Economic & B/C Ratios Environmental Environmental

Science Bureau
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Methods

1.

Present Worth Method - When two or more alternatives are capable of performing the same
functions, the superior alternative will have the largest present worth when determining the
present worth of benefits, and the smallest present worth when determiningthe present worth
of costs. All alternatives must have the same lives and be mutually exclusive. The present
worth for asingle future benefitis calculated fromthe equation:

Ps=F(1+i) ™

The present worth for uniformannual benefitsis calculated fromthe equation:

Where: P = Present Worth
Pu=A (1+i)"-1 F = Future Benefit
i(@+in A = Benefits per period (usually annual)
i = Interestrate per period (usually annual)
n = Number of compounding periods

The present worth of the net benefit of each alternative should be calculated by subtracting
present alternative costs frompresent worth benefits.

Example: Given two projects, Aand B, i=5%. A costs $10,000 today and has a single future
benefit of $11,500 two years in the future. B costs $8,000 today and has benefits of $4,500
in each of the nexttwo years.

Present worth of the net benefit (Alt. A) =- $10,000 + $11,500 (1 +.05)2= $431

Present worth of the net benefit (Alt. B) =- $8,000 +$4,500 x _(1+.05)2 -1 =$367
0.05 (1+.05)2

Alternative A is superior, since the present worthof the net benefitfor Alt. Ais higher than
the presentworth of the net benefits of Alt. B.

2. Equivalent Uniform Annual Cost (EUAC) - (also called Annual Return Method and Capital
Recovery Method). The EUAC method assumes that each alternative will be replaced by an
identical twin at the end of its useful life. The alternatives must be mutually exclusive and
infinitely renewed up to the duration of the longest-lived alternative. The annual cost is given
by the equation:

Where: A = Annual Cost
A=P i(1+i)" P = Present Cost
@a+ipr-1 i = Annual interest rate
n = Number of years
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Example: Giventwo highway improvement projects and the followinginformation, determine
whichis superior over a30-year period atan annual rate of 4%.

A B
Type Rehabilitation Pavement Resurfacing
Life 30 vyears 10 years
Cost $1,800,000 $450,000
Maintenance $5,000/year $20,000/year

EUAC(A)= $1,800,000 x 0.04(1+.04)% + $5000 = $109,040
(1+.04)% -1

EUAC(B)= $450,000 x_0.04(1+.04)0 +$20,000=  $75,485
(1+.04)0-1

Alternative B is superior, since its annual cost of operation is the lowest. It is assumed
that three pavement resurfacing projects each with a life span of 10 years and cost of
$450,000 will be built to span the 30-year period.

3. Capitalized Cost Method - There are times when aseries of equivalent uniform annual costs
(EUAC) will start at some future date and must be combined with lump sum payments in
other years. This is accomplished by converting the EUAC to a capitalization amount in the
year the annual payments start. The capitalization amount is the amount of money that when
invested today at the effective interest rate would give an annual return equal to the annual
payments. Itcan be determined by the following equation:

Where: CA =Capitalization amount in year annual payments
CA=EUAC start
[ EUAC = Equivalent Uniform Annual Cost
| = Effective interestrate

The Capitalization amount in some future year can be converted to aPresent Cost in asimilar
manner as the presentworthis calculated above.
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Example: A decision must be made whether to spend $500,000 on a bridge rehabilitation
project now or to do nothing and replace the bridge in the future at a cost of $1M. Without
the rehabilitation, the bridge would last ten years before replacement. The rehabilitation
would add 15 years to the life of the bridge and, thus, the bridge would require replacement
in 25 years. The effective interest rate is 4 percent and a new bridge life is 50 years. For
perpetual bridge replacement:

EUAC = $1,000,000 x_0.04(1+.04)% = $46,500
(1+.04)%0-1
CA=_$46,500 = $1,164,000
0.04

Bridge Rehabilitation
1. Present Cost of Rehabilitation $500,000
2. Present Cost of Capitalization Amount occurring

in 25 years: P =$1,164,000 (1+.04)25 $437.000
3. Total Present Cost of this Alternative $937,000

Delay Rehab and Replace in Ten Years
Present Cost of Capitalization Amount in 10 years
P =$1,164,000 (1+.04)10 $786,000

The analysis shows that delaying the rehabilitation and replacing the bridge in ten years
will have the lowest life-cycle cost.

4. Benefit-Cost Ratio Method - To determine the B/C Ratio, the present worth of all benefits is
divided by the total present worth of all costs. The project is usually considered acceptable
if the B/C Ratio exceeds 1.

When the Benefit/Cost Ratio is used, disbursements by the initiators, or sponsors, are costs.
Disbursements by the users of the project are known as disbenefits. It is often difficult to
determine whether a cash flow is a cost or a disbenefit. The numerical result can be
considerably different, since if it is disbenefit, it is subtracted from the numerator, and if it is
a cost, it is added to the denominator.

Example: Given apublic works project with:

Estimated benefits = $ 1,600,000
Present costs = $ 650,000
Additional cash flowitem(s) = $ 200,000
Assume additional item(s) is a cost: B/C = $1.600,000 =1.88

$650,000 + $200,000

Assume additional item(s) is a disbenefit: B/C=_$1,600,000 - $200,000 =2.15
$ 650,000

For this reason, the B/C method should not be used to rank competing alternatives unless
an incremental analysis is used. The optimum alternative may not necessarily be the one
with the greater B/C. In order to do an incremental analysis, first determine that the B/C is
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greater than one for each alternative. Then, for each possible pair of alternatives, calculate
the ratio:

B2- B:1

C2-Ca

If the ratio exceeds 1, alternative 2 is superior to alternative 1. Otherwise, alternative 1 is
superior.

Example: Given two highway improvements with the following information:

Annual Road Annual Highway
Condition User Costs Costs
Existing Roads $5,730 $ 46
Plan 1 4,760 234
Plan 2 4,697 264
Annual Annual
Incremental Incremental
Comparison Benefits Costs BI/C
Plan 1 vs. Existing $ 970 $188 5.2
Plan 2 vs. Existing 1,033 218 4.7
Plan 2 vs. Plan 1 63 30 2.1

Both Plans are superior to the existing situation. However, when compared to each other,
Plan 2 is superiorto Plan 1.
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5.7 DESIGN ELEMENTS

5.7.1 Design Vehicle

The Design Vehicle is the largest vehicle that frequently uses afacility. Projects with several types
of facilities may have different design vehicles for each part. The physical and operating
characteristics of the design vehicle are controlling parameters in highway design. Designs should
accommodate the size and maneuverability of the design vehicle to allow it to operate without
encroachment into adjacent travel or parking lanes. Such designs help reduce collisions and
operational delays fromlane encroachments.

5711 Minimum Design Vehicle for Various Routes

The geometric characteristics of the various design vehicles are found in Chapter 2 of
AASHTO's, A Policy on Geometric Design of Highways and Streets, 2018. Below are the
minimum required design vehicles for various highway categories for checking the horizontal
alignment:

e Forinterstate highways, Designated Qualifying and Access Highways on the Designated
Truck Access Highway Network, and their interchanges, the minimum design vehicle is
the WB-67.

e For parkways, the design vehicle is the largest vehicle that will be regularly used on the
highway, typically either an SU vehicle representing a maintenance vehicle or large
school bus (S-BUS 40). (Note that Parkways are highways where commercial traffic is
prohibited.)

e For most other non-interstate highways, the minimum design vehicle is the single unit
truck (SU), which will also accommodate a large school bus (S-BUS 40). Some projects
may require the larger city transit bus (CITY-BUS), articulated bus (A-BUS), WB-40,
WB-62, WB-67, or larger design vehicle.

Based on the AutoTrack library for US Design Vehicles and the 2010 NCHRP 659 Ground
Clearance Vehicles, below are the minimum required design vehicles for various highway
categories for checking the vertical alignment:

e For arterial highways, including Interstates and other freeways; collectors; and railroad
crossings on local roads and streets, the minimum design vehicle is the low boy trailer
with a 5” minimum ground clearance.

e For local roads and streets (except at railroad grade crossings), the minimum design
vehicle is the passenger car vehicle with a trailer since it governs the profile compared
to a single unit truck (SU), large school bus (S-BUS 40), city transit bus (CITY-BUS), or
articulated bus (A-BUS). Where low ground clearance vehicles are known to operate,
the low boy trailer with a 5” minimum ground clearance may be considered.

5712 Encroachments

Vehicle encroachments occur when any portion of a vehicle extends beyond the vehicle's
lane. With the exception of some low speed local streets and roads, designs that cause
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frequent encroachments are undesirable as they may increase the likelihood of delays and
collisions. However, designs that eliminate encroachments may also reduce safety since large
turning radii allow faster turning speeds and wide turning paths cr eate longer walking
distances for pedestrians and may increase confusion for motorists confronted with large

paved areas. In order to provide a balanced design, encroachments are generally acceptable
for:

e Shoulders at intersections (Referto Chapter 3, Section 3.2.5.2 for a discussion of
additional shoulder pavementthickness atintersections).

Intersections along low-speed urban streets.

Intersections along low-volume rural roads.

Single left turns that require two receiving travel lanes.

Double left and right turns that cannot accommodate side by side operation of the
design vehicles. (Designs should accommodate a passenger car along side the design
vehicle.)

5713 Oversized Vehicles

The selected design vehicle is often not the largest vehicle that may use the facility. Oversized
vehicles require additional paved areas that are often not practical to construct due to the
infrequency of these vehicles. We recognize that these oversized vehicles will occasionally
be present and may encroach into other lanes and/or traverse shoulders and curbs. Designers
should check proposed designs using the largest oversized vehicle anticipated to use the
facility. This helps determine what changes would be needed to accommodate the oversized
vehicle and helps decision makers determine whether or not such changes are practical.

Designers should contact their Regional Transportation Systems Operations Group to help
determine an appropriate oversized vehicle. For many areas, the oversized vehicle is a
modular home unit on a WB 20 trailer. The dimensions of the trailer load may be assumed to
be a maximum of 16 ft (4.9 m) high including the trailer, 16 ft (4.9 m) wide, and 53 ft (17 m) to
80 ft (24.5 m) long. The wheel path for this vehicle can be easily checked using a WB 20
design vehicle. The vehicle overhangs should be checked to evaluate the location of trees,
signals, poles, signs, shrubs, street appurtenances, etc.

When oversized vehicles encroach beyond the traveled way, the designer may need to
consider:

Traversable curb.

Full depth shoulders.

Wide shoulders.

Stabilized areas behind curbing.

Relocation of signals, poles, signs, trees, shrubs, street appurtenances, etc.
Removable signs and street appurtenances.

As an alternative to a site-specific evaluation of oversized vehicles, the Region may coordinate
with the Office of Safety and Security Services to develop alternative routing that bypasses a
particular site.
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5.7.2 Sight Distance

Sight distance is the length of road ahead visible to the driver. This distance should be long
enough for the driver to see asituation and successfully react to it. There are a number of different
types of sight distances important in highway design. Refer to Section 5.9.5 of this chapter for a
discussion of intersectionsight distance.

5.7.21 Stopping Sight Distance

Stopping sight distance is the distance necessaryfor a vehicle traveling at or near the design
speed to stop before reaching a stationary object in its path. There are three types of stopping
sight distance. These are: stopping sight distance for a crest vertical curve, stopping sight
distance for a sag vertical curve (also called "headlight sight distance") and stopping sight
distance for horizontal curves. Each of these types is equally important and only when all
three conditions have been satisfied, can stopping sight distance requirements be considered
satisfied. Stopping sight distance is one of the critical design elements and is discussed in
Chapter 2 and the "Standards for Non-Freeway Resurfacing, Restoration and Rehabilitation
(3R) Projects”. The NYSDOT "Vertical Highway Alignment Sight Distance Charts" in
Appendix B of this chapter provide values for stopping sight distance and length of vertical
curve for various algebraic differences in grade.

5.7.2.2 Passing Sight Distance

Passing sightdistance is only a concern on two-lane, two-way roadways. On these highways,
provision for passing is an important factor in maintaining the capacity of the highway. For a
vehicle to pass a slower vehicle it has overtaken, it must occupy the lane regularly used by
opposing traffic. To do so, the driver must be able to see far enough ahead to determine that
the road is clear of opposing traffic and there is sufficient distance to complete the passing
maneuver. Values for passing sight distance are found in Chapter 3 of AASHTO's A Policy
on Geometric Design of Highways and Streets, 2018. The NYSDOT "Vertical Highway
Alignment Sight Distance Charts" in Appendix B of this chapte r presents values for passing
sight distance as a function of length of crest vertical curve and algebraic differencein grade.

5.7.2.3 Decision Sight Distance

Decision sight distance is the distance required for a driver to recognize a complex situation
and safely react to it. Values for decision sight distance are substantially longer than for
stopping sight distance. The increased sight distance is beneficial whenever the motorist
encounters a condition which may increase the likelihood for error in information reception,
decision-making, or control actions. The increased distance provides a greater margin for
safety and is desirable where these kinds of errors are more likely, such as at interchanges
and intersections, approaches to lane drops, and other locations where competing sources of
information greatly complicate the tasks of driving. Further discussion and values for decision
sightdistance are found in Chapter 3 of AASHTO's A Policy on Geometric Design of Highways
and Streets, 2018.

5724 Horizontal Sight Distance

EB 22-057 D.A. 01/01/2023 85.7
DESIGN ELEMENTS


https://www.dot.ny.gov/divisions/engineering/design/dqab/hdm/chapter-2

BASIC DESIGN 5-47

Concrete barriers and other similar items have grown in popularity in recent years. The effect
of these barriers must be considered along with other visual obstructions when determining
sight distance. A concrete barrier placed on the inside of a horizontal curve will restrict the
sight distance around that curve. This is a common problem on curvilinear urban freeways
with concrete median barrier. Refer to Chapter 10, Section 10.2.2.5 of this manual for median
barrier options.

The following equation, a graphical method using CADD, or field measurements should be
used to ensure sufficient stopping sight distance is provided along horizontal curves with
obstructions, such as signs, concrete barrier, retaining walls, bridge abutments, etc. ( refer to
Exhibit 5-6). The equation is valid for curves with radii to the center of the inside lane that is
equal or greater than the stopping sight distance. The eye height is 3.5 ft (1080 mm) and the
object heightis 2’ (600 mm).

HSO =R (1 - cos (28.65 S/R))
Where: HSO = Horizontal Sightline Offset
R = Curve Radiusto Center of Inside TravelLane
S = Stopping Sight Distance Measured Along the Travel Lane.
The above equation works for both metric and US Customary values. However, the units

must be all in feetor meters.

Exhibit 5-6  Horizontal Sight Distance
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5.7.3 Horizontal Curves

The horizontal alignment of a highway consists of a number of straight (tangent) sections
connected by horizontal curves. These curves are sections of acircle or spiral. Curves should
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be designed to minimize vehicles skidding off the traveled way (exce ssive vehicle yaw) or
overturning (excessive vehicle roll). Refer to Chapter 2 of this manual for curve radii, design
speeds, and superelevation rates for various facilities.

5731 Horizontal Curve Design to Minimize Vehicle Skidding Crashes

The point at which a vehicle begins to skid is based on a complex interaction of many
variables, including:

e Traveled way superelevation, radius, grade, and coefficient of friction adjusted for
weather, wear, and surface roughness.
¢ Vehicle mass, center of gravity, suspension, number of tires, velocity, antilock braking

system, stability control system, steering angle, and acceleration/deceleration (i.e.,
accelerating or braking).

o Tire size, compound, tread design, wear, temperature, inflation, and contact patch.
e Motorist.

The following basic horizontal curve equation accounts for most of these variables (Ref.
Equation 3-7 from AASHTO'’s A Policy on Geometric Design of Highways and Streets, 2018).

R = V2
15 (0.0le + f)

The basic horizontal curve equation can be used to calculate:

¢ Radius, speed, or superelevation for new and reconstruction of all low-speed urban
streets.

¢ The minimum radius for the selected design speed and maximum superelevation rate
for new or reconstruction of rural highways and high-speed urban streets. Do NOT
use the basic horizontal curve equation to determine the superelevation for
intermediate curves (i.e., having radii greater than the minimum) on turning roadways,
rural highways, and high-speed urban streets. Refer to Chapter 2 of this manual for
the applicable superelevation table for new and reconstruction of these facilities.
Referto Chapter 7 for 1R, 2R and 3R projects.

e Therecommended speed based on the radius and superelevation rate for all curves,
as discussed in Section 5.2.5.1.B of this chapter. The recommended speed is shown
in Exhibits 5-8 and 5-9.
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Exhibit 5-7 Side Friction Factor

Speed f f

(MPH) for NHS Facilities for non-NHS Facilities
20 0.27 0.30
25 0.23 0.29
30 0.20 0.28
35 0.18 0.27
40 0.16 0.26
45 0.15 0.25
50 0.14 0.24
55 0.13 0.23
60 0.12 0.22
65 0.11 0.21
70 0.10 0.20
75 0.09 0.19
80 0.08 0.18

Where:

R = Radius (ft). The horizontal curve radius to help prevent a vehicle from sliding out of its
travel lane is based on a combination of the vehicle speed, side friction factor, and
superelevation.The radius is measured from the inner edge of the traveled way on
turning roadways and wide (4 or more lanes) undivided facilities. However, for two-
lane undivided facilities, the radius may be measured to the centerline as the
difference in radii is small. Similarly, for high-speed divided highways with separate
horizontal control lines, the radius may be measured to the centerline of each direction
of traffic..

V = Speed (mph). The approach design speed is used to determine the curve design
speed.

f = Side Friction Factor from Exhibit 5-7. The side friction factor is the ratio of the lateral
forces to the normal forces acting on a vehicle traveling around a curve. The friction
factor is used to account for the complex interaction of the vehicle ( mass, center of
gravity, suspension, number of tires, and velocity) and the traveled way (coefficient of
friction adjusted for weather, wear, and surface roughness). Exhibit 5-7 shows the
side friction factor for speeds of 20 mph through 85 mph. The NHS values were used
to create Figures 3-3 and 3-4 of AASHTO’s A Policy on Geometric Design of Highways
and Streets, 2018. For non-NHSfacilities,f=0.34 — 0.002V

e = Superelevation in percent. The superelevation is the banking of the traveled way cross
slope to counter the centrifugal forces of avehicle traveling around a curve. The basic
horizontal curve equation minimizes the use of superelevation, which minimizes the
margin of safety since the cornering vehicle must use large amounts of side friction o
avoid sliding off the curve. Refer to the superelevation distribution method 2
discussion in Chapter 3 of AASHTO’s A Policy on Geometric Design of Highways and
Streets, 2018.

Exhibits 5-8 and 5-9 show the relationship between speed, superelevation and radius for non-
NHS facilities using the linear side friction factor. It should be used as alower threshold for
nonstandard features on NHS facilities.
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Note: The superelevation for intermediate curves on rural highways and high-speed urban
streets isbased on Superelevation Distribution Method 5, as discussed in Chapter 3 of AASHTO’s
A Policy on Geometric Design of Highways and Streets, 2018. Superelevation Distribution
Method 5 uses a humber of complex equations to place added superelevation on intermediate
curves. As the radius decreases, the added superelevation allows the side friction demand to
increase gradually, which increases the margin of safety over Superelevation Distribution Method
2. AASHTO’s intent is to provide additional superelevation on curves with large radii to avoid
violating driver expectancy. Motorists negotiating large radius curves are more likely to overdrive
the curve and less likely to anticipate large cornering forces. The additional superelevation also
allows the remaining available side friction to be used for changing roadway conditions, evasive
maneuvers, braking, accelerating, etc.

The minimum radii and maximum percent of superelevation are found in Chapter 2 of this manual
for new construction, reconstruction, and bridge projects with over 400 ADT. For 1R projects and
2R/3R projects, refer to Chapter 7 of this manual for allowable values. For bridge projects with
400 ADT or less, refer to Chapter 4 of this manual. The maximum and minimum values should
not be confused with desirable values. In new construction or reconstruction of high speed
facilities, the largest radius possible is usually the most desirable solution.

When evaluating nonstandard horizontal curves, note that the side friction factor can be reduced
by longitudinal forces from braking, accelerating, and the increased tractive forces needed to
maintain speed on steep inclines. Where these actions are likely, additional superelevation and
other measures should be considered.
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Exhibit 5-8 Recommended Speedon Horizontal Curvesto Avoid Skidding (Low Speed)

1000
900
Recommended Speeds to Avoid Skidding
i at Various Radii and Superelevation Rates
800
- g%
700 w— - D
| essee 0%
3 600
o
& ,
- - 2%
2 -
E §
E
s
500 —i b
/
..... 6%
400 .... ...,'
#1y /
- —8% R ¢ W
=g &
it 4 o
S < Y,
300 o .
S Bt P
10% 7 )
Rl P -
=T B MG,
o'. .‘.- s -
o 2
200 P A
O S,
-t -
2 ”~ 5
o S L 2
--'..’ < .-'.., '-"..,
B s
- .". .... =
100 ‘..0" ’.‘..)' :,-‘ -
ot e
J_’.“"‘
0
15 20 25 30 35 40
Speed (MPH)

45 50

EB 22-057 D.A. 01/01/2023

8§5.7
DESIGN ELEMENTS



BASIC DESIGN 5-52

Exhibit 5-9 Recommended Speed on Horizontal Curvesto Avoid Skidding
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5.7.3.2 Horizontal Curve Design to Avoid Vehicle Rollover Crashes

The typical passenger car will skid long before it rolls over on the pavement, particularly in
wet weather. Trucks, vans, and sport utility vehicles have much higher centers of gravity and
may rollover before skidding, particularly in dry weather and at lower speeds. Vehicle rollover
is generally not a limiting factor that influences horizontal curves meeting current standards.
Vehicle rollover should be considered for nonstandard curves, particularly when they are likely
to violate driver expectancy (such as a nonconforming compound curve), which is discussed
in Section 5.8.3 of this chapter.

The point at which a vehicle begins to rollover is based on a complex interaction of many
variables, including those listed in Section 5.7.3.1 of this chapter. The horizontal curve
equation to determine the point of impending rollover is:

R = V2 :
15(0.01e +a)

Where:

R = Radius (ft). The horizontal curve radius to help prevent a vehicle from rolling
over is based on a combination of the vehicle speed, superelevation, and the
maximum allowable lateral acceleration for given vehicle. The radius is
measured from the inner edge of the traveled way on turning roadways and
wide (4 or more lanes) undivided facilities. However, for two-lane undivided
facilities, the radius may be measured to the centerline as the difference in radii
is small. Similarly, for high-speed divided highways with separate horizontal
control lines, the radius may be measured to the centerline of each direction of
traffic.

V = Speed (mph). The approach design speed is used to determine the curve
design speed.

e = Superelevation or banking of the traveled way cross slope (%).
a = The approximate rollover threshold.

Studies referenced in NCHRP 774 Superelevation Criteria for Sharp Horizontal Curves on
Steep Grades, 2014, foundthat the worst case rollover thresholds for trucks are approximately
0.35. Avalue of 0.30 is used in the tables to approximate 85% of the rollover threshold.

Solutions to an existing truck rollover problem may include:
¢ Provide additional signing with flashing lights.

¢ |Install a truckrollover warning system (flashing lights are activated by truck approach
speeds).

¢ Increase the superelevation up to amaximum of 8.0%.

¢ Increase the lane width. A wider lane width allows maneuvering area for large
vehicles to steer to the outside of the curve for a brief moment to induce a righting
force and toreduce speed.

e Reconstruct the horizontal alignment to current standards.
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Exhibit 5-10
(Low Speed)

5-54

Recommended Speed on Horizontal Curves to Avoid Truck Rollovers
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Exhibit 5-11

5-55

Recommended Speed on Horizontal Curves to Avoid Truck Rollovers
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5.7.3.3 Superelevation Transitions

The purpose of transitions at the ends of horizontal curves is to change the cross slope from
normal crown to full superelevation and back. The length of these transitions should be chosen
to provide a smooth-riding and pleasant-appearing transition. Superelevation transitions can
be achieved over a tangent-spiral or tangent-circular curve combination. In both cases, the
length of the transition is found in Exhibit 5-15 in this section. Exhibits 5-13 and 5-14 indicate
the methods of attaining superelevation.

Refer to Chapter 3, Section 3.2.5.1 of this manual for the shoulder cross slope along
superelevated sections.

A. Runoff

In a transition, the runoff is the distance used to change the section from the point where
adverse crown is removed (the high side is level) to the point where full sup erelevation is
achieved. The runoff (Lr) is determined from the lane width (w) in feet, number of lanes
(n1), percent superelevation (ed), an adjustment factor for the number of lanesto be rotated
(bw), and the maximum relative gradient (A) from Exhibit 5-12, in percent.

Superelevation Runoff Equation: Lr=_wed nibw
A

Exhibit 5-12 Maximum Relative Gradient

Design Speed (mph) Va Maximum Relative Gradient (%)

A
15 0.80
20 0.80
25 0.74
30 0.67
35 0.65
40 0.57
45 0.54
50 0.50
55 0.50
60 0.50
65 0.50
70 0.50
75 0.50
80 0.50
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Exhibit 5-13  Method of Attaining Superelevation
Curves With Spirals
- Total Transition i
Normal TS, Runoff
Crown Tangent [ : - .
NC. | RunowtX | Length of Spiral, Ly | Full Superelevation L
e e
ek ot pavemert == Grade at § Pavement
! _ ppdt '
—T——_"\::_— _____ &~‘—*“
J Ofpw“”n“?o~* ———————————
IE ] § Profie Control
e ey oy S =g
e = Superelevation (Percent)
L= Length of Spiral = Runoff L(NCS)
N.C. = Normal Crown —a = X = Tangent Runout
N.C.S. = Nomnal Crown Slope Percent
S.C. = Point of Change, Spiral to Circular Curve
T.S. = Point of Change, Tangent to Spiral
Curves Without Spirals
Total Transition
P.C.
Nomal ~_ 70%of Runoff (See Note 1) 30%of
Crown Tangent = 7 Runoff ’
NC. _ Runout X | Runoff, L | Full Superelevation -
. uNE —————em_——_—_———————
Quside o S= —
Y ettt J— Gadeat ¢ Pavarert
._.‘___._-n:‘._.__ _____ ~_J‘~~~
' PWM, ey e e i s s s s e s s
nside
r@ s & Profle Control
ey ey ey s S =
@ = Superslevation (Percent) LCS) =X =Tangent Runout
L =Runoff o
N.C. = Normal Crown NOTE 1
N.C.S. = Nomal Crown Siope Percent
P.C. = Point of Curvature Acceptance range 60% to 90%,
70% to 90% preferable.
(Source: NCHRP Report 439, p. 152)
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Exhibit 5-14  Method of Attaining Superelevation — FourLane Divided Highway*

5-58

- MO’%“ __________________
i Full .
AN crm;: Transition >I= Soeadn
Rt . SC.
o TongentRunowt | Length of Spirai = s >
Length of Runoff
BT P
s w0t |
ht e -
- LHRE e Revse o
o S o
® ® © |
Sections for Curve to Left* |
Q Median™ - Q
@s::_—;:—_.—"—:-_:—’_:ﬂ .
n—;_-:;:—_.’—"-"'___._;:n = .
“chvapaveent o e e
about median edges — —:x:._.f
traveled way. Curve fo - -
opposite hand. e
**Shouders not shown
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The length of runoff for 1 lane rotated and 2 lanes rotated should be determined from the
superelevation runoff equation or by Exhibit 5-15, which assumes a12’ (3.6 m) wide lane.
For other situations, the runoff equals the length of 1 lane rotated multiplied by the factor
(n1bw) provided below:

Length to Increase Relative to

Number of Lanes Rotated 1 Lane Rotated (nibw)

1 1
15 1.25
2 15
2.5 1.75
3 2
3.5 2.25

A spiral is a curve of constantly changing radius. The radius at each end matches the
alignment into which it is going. A spiral curve provides a smooth, natural path for a vehicle
entering or leaving the circular curve. The spiral curve is used to achieve only the runoff
portion of the banking transition. The runout portionis placed on the tangent.

As a general rule, spirals are to be used for new or reconstructed curves. Introducing
spiral transitions in curves that do not have them will shift the center line of the circ ular
curve toward the center of the curve radius.

B. Runout

Runout is the change from a normal crown section to a section with no adverse cross
slope (i.e., e = 0 on the high side of the traveled way). To effect a smooth edge of
pavement profile, the rate of removal should equal the relative gradient used for the
superelevation runoff. For sections with -2% cross slope, the runout length can be
determined using the 2.0% superelevation row in Exhibit 5-15, adjusted as needed for the
number of lanes rotated. For 1.5% or other cross slopes, the runout length should be
determined using the runoff equation provided in Section 5. 7.3.3.A using a percent
superelevation (ed) equal to the cross slope.

To avoid ponding storm water on the traveled way, a minimum grade of 0.5% should be
maintained where the transition has travel lanes superelevated less than the normal cross
slope.
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Exhibit 5-15  Superelevation Runoff L, (ft) for Horizontal Curves
Vy4 Lanest| e (%) | 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0
1 | L(ft)| 23 30 38 | 45 53 60 68 75 83 90 98 105 | 113 | 120
1> meh 2 | L(ft)]| 34 45 56 68 79 90 | 101 | 113 | 124 | 135 | 146 | 158 | 169 | 180
20 mph 1 | L(ft)| 23 30 38 | 45 53 60 68 75 83 90 98 105 | 113 | 120
2 L-(ft) | 34 45 56 68 79 90 101 | 113 124 ( 135 | 146 | 158 | 169 180
25 mph 1 | L(ft)| 24 33 41 49 57 65 73 82 90 98 106 | 114 | 122 | 131
2 | L(ft)| 37 49 61 73 86 98 | 110 | 122 | 135| 147 | 159 | 171 | 184 | 196
30 mph 1 Le(ft) | 27 36 45 54 63 72 81 90 99 108 | 117 | 126 | 135 144
2 | L(ft)| 40 54 67 81 94 108 | 121 | 135 | 148 | 162 | 175 | 189 | 202 | 216
35 mph 1 L(ft) | 28 37 46 55 64 73 83 92 101 ( 110 | 119 | 129 | 138 147
2 | L(ft) | 41 55 69 83 96 110 | 124 | 138 | 152 | 165 | 179 | 193 | 207 | 220
40 mph 1 | L(ft) | 32 42 53 63 74 84 95 105 | 116 | 126 | 137 | 147 | 158 | 168
2 | L(ft)| 47 63 79 95 110 | 126 | 142 | 158 | 173 | 189 | 205 | 221 | 236 | 252
45 mph 1 L(ft) | 34 45 56 67 78 90 101 | 112 123 ( 134 | 146 | 157 | 168 179
2 | L(ft)| 50 67 84 | 101 | 118 | 134 151 | 168 | 185 | 202 | 218 | 235 | 252 | 269
50 mph 1 |L(ft)| 36 48 60 | 72 84 96 | 108 | 120 | 132 | 144 | 156 | 168 | 180 | 192
2 L-(ft) | 54 72 90 108 | 126 144 | 162 | 180 198 | 216 | 234 | 252 | 270 | 288
55 mph 1 L. (ft) | 36 48 60 72 84 96 108 | 120 132 ( 144 | 156 | 168 | 180 192
2 | L(ft)| 54 72 90 | 108 | 126 | 144 | 162 | 180 | 198 | 216 | 234 | 252 | 270 | 288
60 mph 1 |L(ft)| 36 48 60 | 72 84 96 | 108 | 120 | 132 | 144 | 156 | 168 | 180 | 192
2 L (ft) | 54 72 90 108 | 126 144 | 162 | 180 198 | 216 | 234 | 252 | 270 | 288
65 mph 1 |L(ft)| 36 48 60 | 72 84 96 | 108 | 120 | 132 | 144 | 156 | 168 | 180 | 192
2 | L(ft)| 54 72 90 | 108 | 126 | 144 | 162 | 180 | 198 | 216 | 234 | 252 | 270 | 288
70 mph 1 | L(ft)| 36 48 60 | 72 84 96 | 108 | 120 | 132 | 144 | 156 | 168 | 180 | 192
2 L.(ft) | 54 72 90 108 | 126 144 | 162 | 180 198 | 216 | 234 | 252 | 270 | 288
75 mph 1 |Lf(ft)| 36 48 60 | 72 84 96 | 108 | 120 | 132 | 144 | 156 | 168 | 180 | 192
2 L-(ft) | 54 72 90 108 | 126 144 | 162 | 180 198 | 216 | 234 | 252 | 270 | 288
80 mph 1 |L(ft) | 36 48 60 | 72 84 96 | 108 | 120 | 132 | 144 | 156 | 168 | 180 | 192
2 | L(ft)| 54 72 90 | 108 | 126 | 144 | 162 | 180 | 198 | 216 | 234 | 252 | 270 | 288
Note:
1. Lanesare the number of lanes rotated. Note that 1lane rotated is typical for a 2-lane highway, 2 lanes rotatedis typical for a 4-
lane highway.
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5.7.34 Widening Along Horizontal Curves

Travel lane widening along horizontal curves compensates for vehicle off -tracking, steering
difficulty, and lane infringement. The need for travel lane widening is common along relatively
sharp horizontal alignments. This need is exacerbated by narrow lane widths, narrow
shoulder widths, or the lack of spiral transitions. It applies to both one-way and two-way
facilities. 1t does not apply to turning roadways at intersections or interchanges, which are to
be designed using Table 2-9in Chapter 2 of this manual.

A. Benefits of Widening Along Sharp Horizontal Curves

Table 7 in FHWA's Safety Effectiveness of Highway Design Features, Volume Il
Alignment, November, 1992, shows that the crash rate can be reduced by 5% to 21% by
widening the traveled way along horizontal curves. Widening or providing paved shoulders
along a horizontal curve can also resultin substantial crash reductions.

B. Design of Widening Along Sharp Horizontal Curves

Refer to Table 3-24a in AASHTO’s A Policy on Geometric Design of Highways and
Streets, 2018, for the recommended pavement widening along horizontal curves for a WB-
62 design vehicle. Adjustments should be made for different design vehicles using Table
3-25.

Although paved shoulders provide some compensation when travel lanes are not widened
along sharp horizontal curves, the highway should be de signed so that vehicles only use
the shoulder in emergency situations. When the right of way is severely constrained and
paved shoulders are provided, a portion of the paved shoulder width may be subtracted
from the above values since drivers can use part of the paved shoulder to increase the
offset between passing vehicles. However, if there isfrequent truck traffic (>10%), bicycle
traffic, or a history of side-swipe, run-off-the-road, head-on, fixed-object, or rollover
crashes, the pavement widening values should be used.

When widening the traveled way, the additional paved width should be rounded to the
nearestfoot (tenth of ameter) and added:

¢ Equally to both sides of the curve along spiraled curves, as shown in Exhibit 5-16,
or

e To theinside edge of the curve for curves without spiral transitions, as shown in
Exhibit5-17.

The pavement structure of the traveled way widening should be designed to meet the
rigors of the additional vehicular traffic. Since the traveled way widening is often directly
over the shoulder, the existing shoulder may require removal and replacement with the
appropriate course(s) where the shoulder is severely deteriorated, unpaved, or
inadequate to handle the projected traffic.

As shown in Exhibits 5-16 and 5-17, the centerline markings should be placed along the
centerline of the final, surfaced roadway. The edge striping should be located so that the
normal shoulder width, fromthe tangent or un-widened curved sections, are maintained
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along the curve to permit use of the shoulder by bicyclists, pedestrians, and stopped
vehicles.

Exhibit5-16  Cross Section View of Travel Lane Widening Along Spiral Curves

Example Calculation
GIVEN: DESIGN:
© Radius R = 1102 t (336 m) © Width of Traveled Way Widening = 4.4 t (1.4 m) based on
© Design Speed v = 60 mp/h (100 km/h) 2018 AASHTO Tables 3-24aand 3-25.
© Superelevation e = 6.0%
© Advisory Speed = 55 mp/h (80 km/h) © Widening is divided equally between the two trave! lanes,
© Design Vehicle = WB 20 and rounded to the nearest foot (tenth of a meter)
© Length of Spiral Curve, Lr, for Therefore 4 ft (1.2 m) is added: 2 ft (0.6m) per lane.
rotation about inside edge = 240 ft (74 m) , ,
© Vertical scale exaggerated for flustration purposes
Shoulder Shoulder
- - B -
= 130" 2"
Travel Lane
20" Widening
-l —re 40" Radius Rounding
110"
Existing Travel Lane Embankment
6.0%
o E—

Truing and Leveling Course j
HMA Base Course 6"
Hot Mix Asphalt (HMA)
Top Courses
HMA Binder Courses
Existing Pavement
Existing Subbase
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Exhibit 5-17  Plan View of Travel Lane Widening Along Curves Without Spiral
Transitions
Width of traveled way
Taper length equal to the
Widh of surfaced shouider Superslevalion funoftlength
Place centerline markings
along the new canter
of the traveled way
Total width of traveled
widening based on 2011 0
Exhibits 3-26b and 3-27 Maintain the full shoulder
width along the curve
Taper equal
to wmimm
runoff length
NOTES:
1. Drawing Not to Scale.
2. Existing curve does not have spiral curve transitions.
3. Traveled way widening for unspiraled curves is to be placed along the
Inside edge of the curve,
4. For curves with spiral transitions, the traveled way widening is to be
evenly distributed along both sides of the curve, Refer to HDM Exhibit 5-16.
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5735 Combinations of Curves

Avoid combinations of circular curves occurring together, whenever possible. There are a
number of specialtypes of these combinations.

A. Compound Curves

A compound curve is two or more curves of different radii but curving in the same direction
and connected together. Larger radius curves followed by lesser radius curves are of
special concern because of inconsistencies with driver expectation.

When this cannot be avoided, the ratio between the successive curve radii should be
limited when the tighter radius curve < 2 times the minimum horizontal curve radius as
follows:

Ramps and Mainline Curves: 1:2 Maximum
Mainline Curves: 1:1.5 Desirable

B. Broken-Back Curve

A broken-back curve is two curves, turning in the same direction , with a short tange nt
between them. On new construction or reconstruction, a minimum tangent of 1,500 ft
(450 m) should be provided between curvesturningin the same direction.

C. Reverse Curves

A reverse curve is two curves, turning in opposite directions, and connected together. A
tangent section between reverse curves that is of sufficient length to provide for full runoff
and runout for both curves is desirable. If sufficient distance (i.e., more than 325 ft [100
m]) is not available to permit the tangent runout lengths to returnto anormal crown section,
a large area can be at the same plane with the edges of pavement and centerline at the
same elevation. This condition results in poor transverse drainage. To prevent drainage
problems, the superelevation runoff lengths should be increased until they abut, thus
providing one instantaneous level section. The pavement is continuously rotated from full
superelevation in one direction to full superelevation in the other. If the minimum
superelevation runoff lengths cannot be obtained for each curve, realignment should be
considered.

5.7.4 Vertical Alignment

5741 Grades

Grades dffect the operating characteristics of vehicles. Braking distances increas e on
downgrades and decrease on uphill grades. It is difficult for heavy vehicles to maintain their
speed on steep- uphill grades. Consideration should be given to adjusting the required
stopping sight distance to account for the effects of grade. Chapter 3 of AASHTO's A Policy
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on Geometric Design of Highways and Streets, 2018, contains a detailed discussion of the
effects of grade.

The maximum allowable grade on a roadway is generally determined by its functional
classification, the design speed, and the terrain. See Chapter 2 of this manual for the
appropriate values and a discussion of terrain and design speed.

The minimum grade will generally be controlled by the design of the drainage system. In cut
sections, it is desirable to have a minimum grade of 0.5%to avoid constructing special ditches.
While flatter grades may be acceptable in some situations, curbed roadways and
superelevation transition sections with less than 1% of cross slope should have a minimum
grade of 0.5%. In fillsections, alevel profile may provide adequate drainage.

When evaluating the vertical alignment, the placement of a sag vertical curve on a structure

should be avoided whenever possible due to fabrication problems as well as drainage
problems on curbed structures.

5742 Vertical Curves

Vertical curves provide for agradual change in grade between the approach tangents. Vertica
curves should be designed to provide sufficient sight distance, comfortable operation, efficient
drainage, and a pleasant appearance. Long vertical curves generally have a more pleasing
appearance than short vertical curves. When faced with a choice, designers should use
shorter sag vertical curvesin favor of providing longer crestvertical curves.

A. Crest Vertical Curves

The provision of adequate sight distance for the design speed is the primary factor in the
safe operation of crest vertical curves. The minimum stopping sight distance should be
provided in all cases. Wherever economically and physically feasible, additional sight
distance should be provided. AASHTO recommends providing the desirable stopping sight
distance in these instances.

For appearance and comfort, even small changes in grade generally warrant a vertical
curve. The minimum length of crest vertical curves should be the length needed to provide
the minimum stopping sight distance.

Where the change in grade is very slight, a vertical curve may not be practical. Generally,
a vertical curve is not needed if the algebraic change in percent grade (G) is equal to or
less than 1.6 minus 1/50t of the design speed(Vd) in miles per hour.

G=16-0.02xVd
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B. Sag Vertical Curves

Four criteria are used to establish the minimum length of sag vertical curves. They are
sight distance, drainage, riding comfort, and appearance. Minimum lengths for drainage
and sight distance under vertical obstructions are needed; minimum lengths for riding
comfortand appearance are desirable.

Sight Distance

When a vehicle traverses a sag vertical curve at night, high-beams, tail lights of other
vehicles, or street lighting provide sight distance. However, where sight distance is
reduced due to overhead structures, such as an overpass or sign structure, the
required stopping sight distance is needed. Exceptions require anon-standard feature
justification in accordance with Section 2.8 of this manual.

Drainage

In sag vertical curves, the surface drainage of curbed pavements requires special
attention. Flat gradients may result in ponding. The design of the drainage system may
control the minimum vertical curve length on curbed roadways. Generally, providing a
minimum grade of 0.30% within 50 ft. (15 m) of the level point ensures adequate
roadway surface drainage. Referto Chapter 8, Section 8.7.4.4 of this manual.

Riding Comfort

Riding comfort is the effect of the change in vertical direction. The effects of riding
comfort are greater on sag vertical curves than on crest vertical curves. The
gravitational and centrifugal forces are combining rather than opposing. There is a
detailed discussion of riding comfort in Chapter 3 of AASHTO's A Policy on
Geometric Design of Highways and Streets, 2018

Appearance

The need for a minimum length of vertical curve may be based on appearance. For
this purpose, AASHTO recommends a minimum length of 3 times the design speed
(0.6 times the design speed for metric units)

C. Intersections on Vertical Curves

Vertical and horizontal sight distances are crucial elements in the design of intersections.
At all design speeds, the sight distance needed to perform entering and crossing
maneuvers is considerably longer than the minimum stopping sight distance. For further
discussion, see Section 5.9, Intersections at Grade.
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5.7.5 Climbing Lanes

A climbing lane is an additional lane provided to permit the passing of slow -moving traffic in the
uphill direction. Its purpose isto improve the operational and safety characteristics of the roadway.
It is desirable to provide a climbing lane when the grade, traffic volume, and the heavy vehicle
volume combine to significantly degrade traffic operations. Heavy vehicles are those with a mass
to power ratio of 200 Ib/hp (120 kg/kW) or greater.

On two-way, two lane roadways, meeting the following three conditions would justify a climbing
lane. However, other conditions may arise on low-volume highways where sufficient passing
opportunities are not available where it might be advantageous to provide a climbing lane even
though the following warrants are not met.

An upgrade traffic flow rate in excess of 200 vph.
An upgrade truck flow rate in excess of 20 vph.

3. One of the following conditions exists:

a A 10 mph (15 km/h) or greater speed reduction is expected for a typical heavy

truck based on Table 3-26a of AASHTO’s A Policy on Geometric Design of
Highways and Streets, 2018.

b. The level of service onthe grade is Eor F.
c. A reduction of two or more levels of service between the approach and the grade.

On multilane highways and freeways, a climbing lane is justified when both of the following
conditions are met:

1. A 10 mph (15 km/h) or greater speed reduction is expected for a typical heavy truck
based on Table 3-26a of AASHTO’s A Policy on Geometric Design of Highways and
Streets, 2018.

2. Either of the following conditions is met:

a.  There isadrop of more than one level of service between the desired design level
of service and the level of service onthe grade.

b. The level of service on the grade is Eor F.

The point of need for the climbing lane is the spot where the truck operating speed is reduced 10
mph (15 km/h). The climbing lane should be developed through an abrupt 150 ft (45 m) taper
starting 250 ft (75 m) before the point of need.

Ideally, the climbing lane should be extended beyond the crest to apoint where the truck operating
speed is within 10 mph (15 km/h) of the highway operating speed. Due to the poor acceleration
characteristics of heavy trucks, it may be impractical to obtain the desired length. In these cases,
the climbing lane should be extended as far as practicable. For the minimum passing sight
distance refer to Chapter 3 of AASHTO'’s A Policy on Geometric Design of Highways and Streets,
2018. For the appropriate taper lengths, refer to Table 6H-4 of the National MUTCD.

5.7.6 EmergencyEscapeRamps
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Long, descending grades distinctly increase the potential for heavy vehicles to experience loss of
braking ability. For grades where this is an identified problem, a properly designed emergency
escape ramp at an appropriate location can safely slow and stop out-of-control vehicles away
from the main traffic stream. Sand piles, arrester beds, dragnets, and ascending-grade gravity
ramps, alone orin combination may be used.

Refer to Chapter 3 of AASHTO's A Policy on Geometric Design of Highways and Streets, 2018,
and Chapter 10 of this manual for a general discussion of emergency escape ramps. See
Chapters 10 and 16 of this manual and Chapter 8 of AASHTO's Roadside Design Guide for
specificinformation on arresting devices and attenuation systems.

5.7.7 TravelLanes and Shoulders

Refer to Chapter 2 of this manual for the minimum and desirable travel lane and shoulder widths.
Refer to Chapter 3 of this manual and the Comprehensive Pavement Design Manual for
information on pavement sections.

5.7.8 Lane Drops

Lane drops are used whenever it becomes necessary to reduce the number of through lanes.
Proper lane balance should be maintained to reduce bottlenecks and reoccurring congestion. A
capacity analysis should be performed to evaluate the consequences of any lane reduction.

On freeways, the lane reduction should be effected between interchanges or at a two -lane exit
ramp. To allow for adequate signing, the lane reduction should be located at least 2,000 ft. (600
m) to 3,000 ft. (900 m) from the previous interchange and beyond any acceleration lane. The
reduction should not be made so far downstream that motorists become accustomed to the
number of lanes and are surprised by the lane reduction. Visibility of the lane reduction is an
important consideration. Desirable locations are on tangents, on approaches to crest vertical
curves, and on the uphill side of sag vertical curves. Lane drops on moderate to sharp horizontal
curves should be avoided.

AASHTO suggests that the lane reduction be on the right side of the roadway. Speeds are
generally lower in the right-hand lane and the merging maneuver is more common than a merge
fromthe left. Following exit ramps, there is usually less trafficin the right-hand lane.

The lane drop shall be tapered. The minimum taper length should be in accordance with the
merge taper lengthsin Table 6H-4 of the National MUTCD.

A three- or four-lane highway transitioning to atwo-lane, two-way roadway produces another lane
drop situation. The lane shift can be centered or placed on either side. The appropriate signing
and pavement markings for these situations are shown in the National MUTCD.
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5.7.9 Medians

Medians are desirable for streets with four or more traffic lanes. The primary functions of medians
are to provide the following:

Pedestrian safety when used and functionally designed as arefuge area
Storage space for left-turning vehicles

Separation of opposing traffic streams

Access control to/from minor access drives and intersection

Traffic calming

A median is defined as the portion of a divided highway separating the traveled way for traffic
traveling in opposing directions. The median width is expressed as the dimension between the
through-lane edges and includes the left shoulders, if any. Median width is a design consideration
onlyfor interstates, other freeways, and multilane divided rural arterials. An arterial is not normally
considered to be divided unless two travel lanes are provided in each direction of travel and the
median has a width of 4 ft. or more and contains a barrier, turf, raised sections, or lowered sections
to preclude its use by motorists, except in emergencies or where the median is specifically
designedto allow for leftturns.

For additional information on medians, refer to Chapter 3, Section 3.2.8 of this manual. Refer to
this chapter, Section 5.9.8.2C for information on Two-Way Left-Turn Lanes. Refer to Chapter 18
forthe design of medians for pedestrian refuge.

Exhibit 5-18 Minimum Median Widths

Classification Character | Terrain Width
Level or 36 ft. min.
Rural . .
Interstates & rolling 50-100 ft. desirable
Other Freeways Rural Mountainous| 10 ft. min
Urban All 10 ft. min
, Without left turn lanes - 4 ft. min.
Arterials ) .
(multilane, divided, | Rural All With left turn lanes - 12 ft. min. (10
rural arterials only) ft. left turn lane with 2 ft. median

separation)

5.7.10 Median - Emergency Crossovers

Median crossovers are needed to facilitate maintenance and emergency operations on controlled-
access facilities. Maintenance crossovers may be required at one or both ends of an interchange.
Crossovers may be provided on rural freeways when the interchange spacing exceeds 5 miles (8
km). Generally emergency crossovers are placed every 3 miles to 4 miles (5 km to 6.5 km)
between interchanges. The placement of the crossovers should be coordinated with the Regiona
Highway Maintenance Engineer. The appropriate police and emergency services should be
contacted for theirinput.
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Maintenance and emergency crossovers should not be located within 1,500 ft (450 m) of the end
of a ramp. Crossovers should be situated at locations where decision sight distance is available.
If possible, they should notbe located on curves requiring superelevation.

To minimize the effect on an out-of-control vehicle, crossovers should be constructed with seeded
side slopes of 1:10 or flatter. A rounding with a 50 ft (15 m) radius should be provided at the
crossover's toe of slope and at the intersection of the mainline fill and the crossover fill. If drainage
is carried through the median in a pipe with a diameter greater than 1 ft (300 mm) at a location
accessible to an errant vehicle, a slanted grate should be used over the beveled end of the pipe.
The 50 ft (15 m) rounding and the slanted grate may be eliminated when guide railing on the
mainline adequately shields the motoristfromthe hazard.

The minimum recommended crossover width is 25 ft (7.5 m). On narrow medians, agreater width
of pavement may be necessary to safely accommodate turning vehicles. Crossovers should not
be used in restricted-width medians. The median must be wide enough to store a typical
maintenance vehicle. The surface and shoulders should be designed to support the appropriate
maintenance equipment.

A parallel-type deceleration lane should be provided. See Chapter 10 of AASHTO's A Policy on
Geometric Design of Highways and Streets, 2018. Its length should be determined from this
AASHTO policy. It should be designed to accommodate the appropriate maintenance vehicle
and surfaced with the same type of material and have the same cross slope as the mainline
shoulder. A design speed of 60 mph (100 km/h) should be used and a 4 ft (1.2 m) shoulder
provided. The design speed may be decreased on low-speed facilities. An acceleration lane is
normally not provided. However, in special circumstances, an acceleration lane may need to be
evaluated, depending on traffic volume, speed, crash history, etc.

When the crossover is constructed in an area with a median barrier, the median barrier should be
designed to limit the hazard. Opposing end sections should be shielded from oncoming traffic. It
may be necessary to design the barrier to guide vehicles away from the median opening or to use
impact attenuators. See Chapter 10, Section 10.2.5 of thismanual for suggested flare rates.

5.7.11 RoadwayClear Zone

A clear unobstructed roadside is highly desirable. The term "clear zone" is used to designate the
width that the Department has committed to maintain as an unobstructed, traversable area
provided beyond the edge ofthe traveled way for the recovery of errant vehicles.

The desirable width of the clear zone is influenced by the traffic volumes, speed, horizontal
curvature, and embankment slopes. Although AASHTO has established desirable design values
for clear zone widths, actual values may vary for different projects or project segments. Project-
specific values, determined by sound engineering judgment during design, shall be documented
in the Design Approval Document.

Most Department projects require the establishment of design clear zone widths. See Chapter
10 of thismanual for specific requirements and guidance.

5.7.12 Vertical and Horizontal Clearances
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Vertical and horizontal clearances are important elements in the design of a highway. Clearances
to be considered are:

Vertical over and horizontal along a roadway.

Vertical over and horizontal beside arailroad.

Vertical over and horizontal beside awaterway.

Vertical and horizontal between aroadway and an airway.

57121 Roadway

The policy for vertical clearance over a roadway is stated in Section 2 of the Department's
Bridge Manual. Vertical clearance is a critical design element and is discussed in Chapter 2
of this manual. Vertical clearance is the minimum vertical clear distance to an obstruction over
any part of ahighway's pavement or shoulders.

Horizontal clearance is a segment of the road section lying adjacent to the traveled way,
identified as an operational offsetin urban areas and for rural areas identified as a portion of
the “clear zone” (defined in Chapter 10 of this manual as an area for recovery of errant
vehicles). It does not replace the need to select a clear zone (in accordance with Chapter 10
of this manual and AASHTO's Roadside Design Guide) that will generally be substantially
wider than the horizontal clearance criteria in this chapter. A more detailed description of
what features are allowed within these two categories follows.

A. Interstates, Other Freeways, Expressways, Rural Arterials, Rural Collectors, and
Local Rural Roads

Horizontal clearance serves as an extension of the shoulder and provides allowance for
recovery of errant vehicles, disabled vehicles, parking, etc. Curbs, traversable slopes,
breakaway supports, etc., are permitted within the horizontal clearance. Fixed objects,
nontraversable slopes, etc., are not permitted. The width is measured from the edge of
traveled way. It includes shoulders or auxiliary lanes (e.g., speed change lanes, climbing
lanes, turning lanes).

B. Urban Arterials, Urban Collectors, and Local Urban Streets

Horizontal clearance functions as an “operational” offset that minimize s restrictions to
traffic flow and provides space for opening car doors, the lateral cle arance affecting
capacity and vehicle position within alane, and vehicle overhangs at intersections. The
area within the horizontal clearance is to be an unobstructed, relatively flat area provided
beyond the edge of traveled way. Obstructions include sign posts, lighting posts, poles,
hydrants, trees, bollards, etc. The width is measured fromthe face of curb.

C. Turning Roadways

Along turning roadways, horizontal clearance functions as a portion of the clear zone that
minimizes restrictions to traffic flow and provides space for the lateral clearance and
vehicle posttion within a lane, disabled vehicles, and vehicle overhangs during turning
movements. The area within the horizontal clearance is to be an unobstructed, relatively
flat area provided beyond the edge of traveled way. Obstructions include sign posts,
lighting posts, poles, hydrants, trees, bollards, etc. The width is measured from the edge
of traveled way.
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Exhibit 5-19 Horizontal Clearance Road Sections

Rural

A

Clear Area (HDM Ch 10)
Clear Zone (HDM Ch 10) |«

Horizontal Clearance
(Min. Clear Zone)

Shoulder
Barrier Offset / Lateral
Clearance (HCM)

BASIC DESIGN

Urban

Clear Area (HDM Ch 10)

Clear Zone (HDM Ch 10)

Horizontal Clearance
(Operational Offset)

[€— Shoulder / Curb Offset /
Bike Lane / Parking Lane

Lateral Clearance (HCM)

Note: Terms based on AASHTO's A Policy on Geometric Design of Highways and Streets, unless otherwise noted.
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Minimum Horizontal Clearances

5-73

Classification

Minimum Horizontal Clearance?

With Barrier

Without Barrier

Exceptions

On bridges where NYSDOT
Bridge Manual, Section 2, allows

Interstates Greater of the less than 4 ft.
and Other shoulder width or 15 ft. i
Freeways 4 ft. In depressed sections, where the
minimum is the shoulder width
plus 2 ft.
_ Greater of the On bridges where NYSDOT
Rural Arterials | shoulder width or 10 ft. Bridge Manual, Section 2, allows
4 ft. less than 4 ft.
Rural Greater of the On bridges where NYSDOT
Collectors shoulder width or t. ridge Manual, Section 2, allows
hould idth 10 f Bridge M [, Section 2, all
4 ft. less than 4 ft.
Urban
Collectors 0ft2 15 ft * 3 ft. min. at intersections?
6 ft forlow-speed
Local Rural Greater of (45 mph) segments On bridges where NYSDOT
Roads shoulder width or | 10 ft. for high-speed Bridge Manual, Section 2, allows
4 ft, (50 mph) segments less than 4 ft.
Local Urban
Streets 0ft2 15 ft * 3 ft. min. at intersections?

_ . . Where ramps pass under
Turning \Tv:g{]ht g'rdgf,; greater of shoulder structures, there should be an
Roadways ' additional 4 ft. clearance beyond
(Ramps) Left side - 3 ft. minimum. the outside of shoulders to

bridge piers or abutments.
Notes

1. Measured fromedge of traveled way to obstructions, unless otherwise noted.
2. Measured fromface ofcurb to obstructions.
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57122 Railroad Clearances

The minimum vertical clearance over the operating mainline tracks of a railroad is generally
22 ft (6.71 m). Other clearances may be justified on some occasions. Refer to Chapter 23 of
this manual and Section 2 of the Department's Bridge Manual. The Structures Division will
provide guidance.

57123 Waterway Clearances

The Department's policy on the minimum vertical clearance over streams and navigable
waterways is contained in Section 2 of the Departments Bridge Manual. The Structures
Division will provide guidance on specific projects.

The United States Coast Guard shall be contacted to determine the required horizontal
clearance along navigable waterways.

57124  Airway Clearances

Whenever a project is proposed within 2 miles (3.2 km) of an airport or heliport, the vertical
and horizontal clearance between the highway and the airway must be considered. The
guidelines for these clearances are contained in Part 75 (Approval of Private ly Owned
Airports) of Title 17 of the Official Compilation of Codes, Rules and Regulations of the State
of New York. The Aviation Division in the Main Office and the Regional Aviation Liaison will
provide assistance. The Aviation Division in the Main Office must be notified of any possible
conflicts.

The administrator of the airport or heliport should be contacted to determine the facility's long
range plans. Any planned changes in the operation of the facility should be considered in the
development of the plan and profile of the highway.

A permit from the Federal Aviation Administration (FAA) may be required for vertical elements
such as signs and light poles. Warning lights may be required. More information on
obstruction evaluation and permitting is available on the FAA website at
https://oeaaa.faa.gov/oeaaa/external/portal.jsp.

5.7.13 Rollover

Rollover is the measure of the difference in cross slope between two adjacent highway lanes or

a highway lane and its adjacent shoulder. Maximum rollover rates are shown in Exhibit 5-21,
below.
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Exhibit 5-21 Maximum Rollover Rates

Classification Between Travel Lanes | At Edge of Traveled Way?

Interstates & Other
Freeways

Rural Arterials

4% max.
Rural Collectors 8% max.

Local Roads & Streets

Turning Roadways
(Ramps)

Urban Arterials

4% max. 8% max.
Urban Collectors

Notes
1. Referto HDM Chapter 3, Section 3.2.5.1, Shoulder Cross Slopes and Rollover Limitations, for further
guidance.

5.7.14 Bridge Roadway Width

A bridge is a structure, including supports, erected over a depression or an obstruction such as
water, highway, or railway, and having a track or passageway for carrying traffic or other moving
loads, and having an opening measured along the center of the roadway of more than 20’. The
bridge roadway width is the clear distance between inside faces of bridge railing, or the clear
distance between faces of curbs, whichever is less. The bridge roadway width includes travel
lanes, areas flush with the travel lanes (turn lanes, flush medians, shoulders, curb offsets, parking
lanes, and bike lanes), and the Department’s standard 5” wide brush curb introduced at the bridge.
Bike paths, sidewalks, safety walks, and curbing for sidewalks or safety walks are not part of the
bridge roadway width.

Bridge roadway widths should be determined fromNYSDOT Bridge Manual, Section 2.

5.7.15 Passive Snow Control

Passive snow control involves the mitigation of blowing and drifting snow conditions on roadways
through the installation of engineered snow fence, planting of shelterbelts, or by design of an
aerodynamic roadway cross section. Use of passive snow control techniques will improve
roadway safety by reducing whiteouts and drifting. Removal of snow by mechanical means is
approximately 100 times more expensive than trapping snow by passive control. Passive snow
controlmeasures should be considered where implementation is feasible and cost -effective.

More detailed information on the design and installation of passive snow control measures can

be foundin References 7and 17 in 85.10 of this chapter.
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57151 Snow Fences

Snow fences may be permanentor temporary. Permanent fences erected on private property
will require the acquisition of a permanent easement. Temporary fences may be erected on
private property under Article 3, Section 45 of the Highway Law. Some important factors for
designing snowfences are:

e The mostimportant factor in designing a snow fence is capacity. Fences should be
of adequate height to store the average annual amount of snow that will be
transported (blown) through the problemarea.

e To maximize effectiveness, fences should be at least 8 ft (2.4 m) in height, but may
be as shortas 6 ft (2 m) in areas of limited snowtransport or restricted right of way.

¢ Fences should be located at least 35 times their effective height (total height minus
ambient snow depth) fromthe road shoulder.

e Asingle row of tall fences is preferable to multiple rows of shorter fences.

¢ Fences should be perpendicular to prevailing wind directions but departures up to
25° are acceptable. They should be placed parallel to the roadway whenever
possible.

e A gap equal to 10% of the total fence height should be left under the fence to reduce
snow deposition near the fence. Deposition at the fencereducesthe fence’s
efficiency.

57152 Shelterbelts

Also referred to as "living snow fences," shelterbelts are multiple rows of trees, preservation
of agricultural crops, or shrubs planted to provide protection from wind-driven snow. There
are many advantages to shelterbelts as compared to snow fences, including roadside
beautification, wildlife benefits, little or no maintenance after establishment, and long service
life. The Regional Landscape Architect and Maintenance Environ mental Coordinator should
be consulted whenever shelterbelts are considered.

Some design tips for planting shelterbeltsare:

e Trees should be placed no closer than 3 times their mature height fromthe edge of
shoulder.

o Generally, trees should be coniferous. Shrubs may be effective in areas of limited
blowing and drifting snow.

e Twoor more staggered rows should be planted to providefull coverage and to prevent
gaps caused by plant loss or damage.

e Trees should be spaced so that crown closure will be achieved within ten years.

e Shrubsmay be used where cost or space limitations do not allow for the planting of
trees.
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e An effective shelterbelt can be achieved by requesting farmers to leave six to eight
rows of corn stalks standing through the winter. The minimum setback from the road
shoulder should be 35 times the effective stalk height (height minus ambient snow
depth).

57153 Drift-Free Roads

Providing an aerodynamic roadway cross section will allow the roadway to be swept clear by
the wind. It should be recognized that this is generally not a good solution where whiteouts
are a problem. However, there may be some instances where the existing cross section may
be contributing to the visibility problem and roadway redesign will be a viable alternative to
mitigate the problem.

In some areas, it may be possible to reduce drifting by altering the cross section to provide for
additional snow storage upwind from the road. Minor grading on private property may be
accomplished with a property release fromthe owner.

The following guidelines, implemented individually or in combination, as appropriate, will
improve drift-prone areas:

e Backslopes and foreslopes should be flattenedto al:6 slope or flatter.

e Ditches should be widened as much as possible.

o The profile of the road should be raised to 2 ft (0.6 m) above the ambient snow cover.

¢ Provide a ditch that is adequate for storing the snow plowed off the road

e Widen cuts to allow for increased snow storage.

e Eliminate the need for guide rail.

o If existing W-beam guide rail appears to be contributing to a drifting problem,
consideration should be given to replacing the W-beam with cable or box beam guide
rail.

5.7.16 Parking

57161 On-Street Parking

On-street parking spaces in village and urban settings complete for usable streetscaping and
pedestrian space. Early contact with local officials and business owners is important to
identify acceptable locations for parking spaces.

On-street parking adds an element of traffic calming whereby drivers are inclined to lower their
speeds when confronted with slow-moving drivers looking for a parking space, or drivers of
parked vehicles opening their doors. However, care must be taken in introducing any new on-
street parking. Since high-speed traffic is not compatible with slow-moving vehicles and limited
sightdistances, on-street parking is not to be added to facilities with
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design speeds of 50 mph (80 km/h) or more. When adding on-street parking to low-speed
facilities, the designer should consider:

e The impact on the highway’s safety and capacity.
e Snow storage and removal.

e Pedestrian visibility and access to sidewalks and crosswalks. Midblock crossings and
curb bulb-outs to help motorists anticipate and see pedestrians among the parked
vehicles. See Chapter 18 of this manual for additional guidance and recommendations
to maintain visibility and reduce conflicts.

e Parked vehicles can block emergency vehicles, such as fire trucks, from direct access
to buildings.

e Bicycle facility presence and use. See Chapter 17 of this manual for additional
guidance and recommendations to minimize conflicts.

To provide for adequate sight distance, vehicle turning paths, and emergency vehicles,
parking is to be restricted near an intersection, fire house, commercial driveway, railroad
crossing, fire hydrant, safety zone, pedestrian crosswalk, etc. As an exception, parking may
be permissible opposite a minor T-intersections along a low speed highway. Refer to §1202
of the NYS Vehicle & Traffic Law for additional guidance (Note that 81621 of the NYS Vehicle
& Traffic Law allows the Departmentto establish other distances).

A. Parallel Parking

On local roads and streets, collector roads and streets, and arterials, parallel parking is a
design consideration due to land-use patterns and a lack of off-street parking facilities.
Chapter 2 of this manual presents minimum parking lane widths for functional
classifications of highways. Parking stalls should be 22 ft (6.6 m) to 25 ft (7.8 m) long.
Parking lanes normally are not carried across bridges unless the bridge is less than 50 ft
(15m) in length, in which case it may be considered.

B. Diagonal (Angled) Parking

Front-in diagonal parking is to be avoided due to restricted driver visibility while backing
out of the parking space into traffic, including cyclists and motor cyclists. Where this type
of parking exists, it should generally be eliminated by providing parallel parking or back-in
diagonal parking in low-speed areas, and off-street facilities in high-speed areas.

Back-in diagonal parking allows motorists to back into parking stalls, similar to backing
into parallel spaces, while retaining the greater parking density of diagonal spaces.
Backing into the space is no more disruptive to traffic than parallel parking. Compared to
front-in diagonal parking, back-in diagonal parking places the motorist in a much better
position to view motor vehicle and bicycle traffic when pulling out of the parking stall. It
also makes it safer to load groceries and other items into the rear of the vehicle. Back-in
diagonal parking has been successfulin Canada, Washington State, and other areas.
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In instances where other parking measures are not feasible and no related crash
experience exists, front-in diagonal parking may be retained on local streets design
speedsare 30 mph (50 km/h) or less and traffic volumes are low.

Diagonal parking stalls should be 8ft to 9ft (2.5 mto 2.7 m) wide and 17 ft to 18ft (5.2 m
to 55 m) long. Although wheel stops are desirable to prevent parked vehicles from
encroaching into the sidewalk area, they should not be installed since they will interfere
with snow removal operations. A snow storage area may be used to prevent parked
vehiclesfromencroaching into the sidewalk area.

C. On-Street Parking Requirements for Persons with Disabilities

Parking requirements for persons with disabilities requires special consideration, and
some requirements that are mandatory. Refer to Chapter 18 of this manual, for the
standards for accessible parking in accordance with the "Proposed Guidelines for
Pedestrian Facilities in the Public Right-of-Way " (PROWAG), the Vehicle and Traffic Law,
and the State Building Code.

In general, accessible on-street parking should be located close to key destinations, and
where the street has the least crown and grade, The sidewalk adjacent to accessible on -
street parking spaces should be free of obstructions that may prevent the deployment of
a van side-liftor ramp, or may preventavehicle occupant fromtransferring to awheelchair.

The Regional Landscape Architect can provide additional advice regarding the location
and design of accessible on-street parking spaces.

57.16.2 Off-Street Parking

When on-street parking spaces are eliminated to improve traffic operation and safety,
replacement off-street parking should be considered in accordance with Section 10-40 of the
Highway Law. The off-street lots should be located as close as possible to the eliminated on-
street spaces to provide adequate access to properties formerly served by the on -street
spaces. The number of off-street spaces provided should approximate the numbers of
eliminated on-street spaces unless aparking utilization study indicates otherwise.

A. Off-Street Parking for Persons Who Are Not Disabled

e Stall widths of 9.5 ft or 10 ft (2.9mor 3.0 m) should be provided for lots with short-
duration, high-turnover parking and for lots serving customers with packages.

e Stall widths of 8.5 ftor 9 ft (2.6 m or 2.7 m) should be used for lots with longer
duration, low-turnover parking.

B. Off-Street Accessible Parking

All off-street accessible parking spaces must also comply with the provisions of the NYS
Uniform Fire Protection and Building Code and as required by the NYS Vehicle and Traffic
Law. Additionally, off-street accessible parking spaces must conformto the requirements
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of the "Proposed Guidelines for Pedestrian Facilities in the Public Right-of-Way "
(PROWAG), Chapter 18 of thismanual, and Standard Sheet 608-02.

The Regional Landscape Architect can provide additional advice regarding the location
and design of accessible on-street parking spaces.

The Regional Landscape Architect and Regional Transportation Systems Operations
Engineer should be contacted for furtherinformation on design of off-street parking lots
including stall depths, aisle widths, and other layout dimensions and features such as
provisions for persons with disabilities, landscaping, and lighting (refer to Chapter 12 of
this manual).

5.7.17 Access Control

Access control is the regulation of public access to and from properties and roads abutting
highway facilities to preserve safety and capacity. These regulations are categorized as full
control of access, partial control of access, and driveway or intersection approach regulations.

Full control of access gives preference to through traffic by providing access connections only
with selected public roads utilizing interchanges. Criteria for interstate highways and other
freeways are presented in Chapter 2 of this manual. Interchange access control principles are
presentedin Chapter 6 of this manual.

Partial control of access gives preference to through traffic to adegree that, in addition to access
connections with selected public roads utilizing interchanges, there may be some at -grade
intersections and/or driveway connections.

Driveway and intersection approach regulations allow access to and from all abutting prop erties
and streetsina controlled manner.

Access control should be included in the design of all highways, especially where the likelihood
of commercial development exists. The extent of control should be coordinated with the local
land- use plan to ensure that the desired degree of control can be maintained through local zoning
ordinances. Access management will enhance highway safety and minimize vehicle delays.

57171 Interstates and Other Freeways

Access to the interstate system shall be fully controlled. Access is to be achieved by
interchanges at selected public highways. Access control shall extend the full length of ramps
and terminals on the crossroad. Such control shall either be acquired outright prior to
construction or by the construction of frontage roads or by acombination of both.

Control for connections to the crossroad should be provided beyond the ramp terminals by
purchasing access rights or providing frontage roads. Such control should extend beyond
the ramp terminal at least 100 ft. in urban areas and 300 ft. in rural areas (refer to Chapter 6
of thismanual for more specific details).
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The interstate highway shall be grade separated at all railroad crossings and selected public
crossroads. All at-grade intersections of public highways shall be eliminated. To accomplish
this, the connecting roads are to be terminated, rerouted, or intercepted by frontage roads.
Referto Exhibit5-22 for akey to highway access issues.
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Highway Access Issues

5-82

Access Issues

Department Requirements, Guidance, and

Procedures

Law, Regulations, and Policy

General Access
Management

Best Practices on Arterial Management,
1997

HDM Ch 3, § 3.2.8 - Medians

AASHTO’s A Policy on Geometric Design of
Highways and Streets, adopted as
standards by FHWA for the NHS

ROW Acquisition
and Management

HDM Ch 5, § 5.5.6 - Types of ROW and
Access

Real Estate Manual/Directives -
Nonmotor vehicle access (e.g., locked
gate access to billboards) and
relinquishment of ROW

Highway Work Permit Process®

23 CFR 620B “Relinquishment of
Highway Facilities”

23 CFR 713C “Disposal of Rights-of-
Way."

Accommodation of
Utilities

e HDM Ch 13 - Utilities
* Highway Work Permit Process’

17 NYCRR Part 131 “Accommodation of
Utilities within State Highway Right-of-
Way.”

AASHTO’s Utility Guide(s)

23 CFR 645 B - Accommodation of
Utilities

Accommodation Plan for Longitudinal
Use of Freeway Right of Way by

Utilities, 1995

Requirementsforthe Design and

Construction of Underground Utility
Installations Within the State Highway

RightofWay

Section 52 of the NYS Highway Law
“Permits for work within State highwayright
ofway.”

Access Control
Limits

e HDM Ch 2, § 2.7 - Standards
e HDM Ch 5, § 5.7.17 - Access Control
e HDM Ch 6, § 6.2 - Control of Access

HDM Ch 3, 8§ 3.2.9.3.C - Access Control

* Highway Work Permit Process

AASHTO’s APolicy on Design
Standards - Interstate System

AASHTO’s APolicy on Geometric
Design of Highways and Streets,
adopted as standards by FHWA for the
Interstate and NHS, respectively

Driveways

e HDM Ch 5, §5.7.18 — Driveways

e HDMCh 5, AppendixA, NYSDOT'’s
“Policy and Standards for Design of
Entrancesto State Highways” (a.k.a.
Driveway Design Policy)

* Highway Work Permit Process’

Section 52 ofthe NYS Highway Law
“Permits for work within State highway
rightofway.”

17 NYCRR Part 125 “Entrancesto State
Highways.”

Freeway Breaks in
Access

e PDM Appendix 8 - Freeway Access
Modification Procedures

FHWA Policy on Access to the Interstate

System, May 22, 2017
* Highway Work Permit Process’ =ystem y

Note:
1. The Highway Work Permit Process is for work not progressed by Department projects or maintenance forces.
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5.7.18 Driveways

Where driveways are allowed for access to and from the highway, they are to be designed in
conformance with the latest edition of the Departments "Policy and Standards for Design of
Entrances to State Highways" included as Appendix A of this chapter. When curb is used for
driveway control, it shall be consistent with the guidance and requirements of Chapters 3 and 10
of this manual.

To obtain adequate geometrics for driveway entrances, it may be necessary to extend the limit of
work beyond the existing highway boundary. Section 5 .5.6.6 discusses releases for
“Reestablishment of Approachesto Private Lands” to be used for thiswork.

5.7.19 Frontage Roads - Service Roads

Frontage roads are partially or uncontrolled access highways parallel to controlled access
highways. Frontage roads:

e Provide access to the adjoining property and local traffic circulation.
e Segregate lower speed local traffic fromhigher speed through traffic.

e Help preserve the safety and capacity of the controlled access highway by reducing or
eliminating access pointsto the through highway.

The design criteria of the frontage road should be based upon its functional classification. See
Chapter 2, Section 2.7.5.7, of this manual. Frontage roads are generally local roads or streets.
In most cases, they should be turned over to the local unit of government formaintenance.

For further discussion of frontage roads, see Chapter 4 of AASHTO's A Policy on Geometric
Design of Highways and Streets, 2018.

5.7.20 High-Occupancy Vehicle (HOV) Lanes

HOV lanes are travel lanes along freeways and other multilane highways which are designated
solely for use by carpools, vanpools, buses, and other vehicles carrying a specified minimum
number of people. When operated at a suitable level of service, an HOV lane is more efficient
than a conventional-use lane because more people are moved per hour. An HOV lane can be
constructed with the capability of being reversed to serve the peak hour direction. HOV lane(s)
may provide an alternative solution to existing or projected congestion problems when
environmental, fiscal, or policy decisions preclude construction of additional or adequate numbers
of conventional lanes.

Drivers may be encouraged to use HOV lanes through incentives such as reduced, reliable travel
times compared to adjacent conventional use lanes, special access ramps, reduced tolls, special
toll booths, and preferred and/or cheaper parking at the job site. More detailed information
including design guidelines for HOV facilities can be found in Chapter 24 of this manual.

5.7.21 Complete Streets
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57211 Transit Bus Stops

Bus stops are generally located where there is concentrated commercial, residential, office,
or industrial development or at intersections of arterial or major collector streets. Bus stops
can be provided at the far side or the near side of an intersectio n or at midblock. Whenever
possible, bus stops should be located at the far side of intersections to facilitate bus and traffic
operations. The transit operator should be consulted for all bus stop placements. Pedestrian
design treatments such as placing bus stops at signalized intersections, and providing
adequate sight distance for pedestrians should be considered when pedestrians will be
required to crossthe road.

The curb adjacent to the bus stop should be painted and signs posted to clearly ident ify the
area as no parking or stopping except for buses. Pedestrian facilities should be provided
(e.g., sidewalks and wheelchair access ramps). A marked pedestrian crosswalk should be
considered if one is not in the immediate vicinity and there are pedestrian generators (e.g.,
school, commercial areas, residential areas, a sidewalk, a park) on the other side of the street.
Referto Chapter 18 for adiscussion of marked crosswalks.

Ideally, bus passenger shelters should be provided at every bus stop. Transit providers should
be consulted on shelter design. Design standards must comply with the requirements of the
Proposed Guidelines for Pedestrian Facilities in the Public Right-of-Way (PROWAG) and
Chapter 18 of this manual. Chapter 24, Section 24.3.5, of this manual provides additional
information on bus stops.

57212 Transit Bus Turnouts

A bus turnout is a bus stop (refer to Section 5.7.21.1) located in a recessed area adjacent to
lanes of moving traffic. A turnout should be considered wheneve r potential for auto/bus
conflicts warrants separation of transit and general-purpose vehicles, but especially where a
bus stopping ina travel lane may be unsafe or impede traffic flow.

Turnouts must be designed to safely accommodate bus ingress and egress movements and
passenger loading and unloading activity. Conflicts with driveways should be avoided for the
length of the turnout. The transit operator should be contacted to ensure the turnout will be
used by the bus drivers. Refer to Section 5.9.9 of this chapter, Chapter 24, Section 24.3.6, of
this manual, and Chapter 4 of AASHTO's A Policy on Geometric Design of Highway and
Streets, 2018.

57213 Transit Bus Turnarounds

Bus turnarounds are facilities that expedite a bus's return to the service route. Turnarounds
can be used at the termini of routes to turn transit vehicles or they can be incorporated into a
land-use development design.

Turnarounds should be designed to allow a bus to turn in a counter -clockwise direction to
improve the driver's visual capabilities. The design should allow adequate space for a bus to
pass a standing vehicle. A jug-handle bus turnaround design may be used at midblock bus
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terminal locations. "Cul de sac" and loop designs are acceptable for developments that do
not have internal roadway networks to return a bus efficiently to the arterial roadway. They
should be used only at the end of a bus route. The transit operator should be consulted for
all turnaround placements and designs. Chapter 24, Section 24.3.7, of this manual provides
additional information on bus turnarounds.

57214 Pedestrians

The needs of pedestrians, especially disabled pedestrians, are an important part of the
roadway environment in rural as well as in urban areas. Evaluating and meeting the needs
for pedestrian accommodations and safety are important considerations during scoping and
design. Chapter 18 of this manual provides information on the design of pedestrian facilities.
Coordinate with the Regional Bicycle/Pedestrian Coordinator when assessing the need for
pedestrian facilities, and the Regional Landscape Architect and Regional ADA Specialist for
assistance in designing appropriate, accessible facilities.

57215 Bicyclists

The accommodation of bicyclists is important as more and more cyclists are utilizing the
transportation system recreationally, for commuting, and the delivery of goods and services.
The benefits derived from relieving congestion, reducing air pollution, lowering energy costs,
promoting healthy lifestyles, and contributing to quality communities should not be
underestimated. Project developers should coordinate with the Regional Pedestrian/Bicycle
Coordinator in assessing the need for bicycle facilities and the Regional Landscape Architect
forassistance in designing appropriate facilities.

A discussion on necessary provisionsfor bicyclists and specific design standards is included
in Chapter 17 of this manual.
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5.8 DESIGN CONSIDERATIONS

5.8.1 Driver Expectancy

Drivers expect and anticipate certain geometric and operational characteristics along a roadway.
Roadway features that violate driver expectancy have a direct influence on safety. Drivers,
particularly those unfamiliar with or inattentive to their su rroundings, can be lulled into
complacency and may react inappropriately when confronted with unexpected changes. To
reduce potential collisions, designers should maintain consistency throughout ahighway segment
and gradually transition from one segment to another. Gradual transitions notify and prepare the
driver for upcoming changes. When gradual transitions are not practical, warning sig ns, lighting,
flashing warning lights, and additional sight distance should be considered.

Some typical featuresto avoid are:

e Sharp horizontal curves (i.e., those curves requiring a design speed drop of 10 mph [15
km/h] or more following long tangents).

e Upgrading alignment without corresponding cross section improvements. (This can cause
an erroneous and possibly a false illusion of improved safety, which may encourage
operating speedsthatare excessive for the pavementwidth and clear zone.)

e Compound curves — Referto Section 5.7.3.5.A
e Broken back curves — Refer to Section 5.7.3.5.B

5.8.2 Geometric Considerations

5821 Combination of Horizontal and Vertical Alignment

Horizontal and vertical alignments should not be designed independently. They complement
each other and their interrelationship can have a significant effect on the operational and
safety characteristics of a section of roadway. Proper combinations of horizontal alignment
and profile should be determined by engineering study and consideration of the general
controls listed in Section 3.5 of AASHTO’s, A Policy on Geometric Design of Highways and
Streets, 2018.

5822 Rightof Way Impacts

The effects of land acquisition must be considered in every stage of a project's development.
Although it is of primary importance to meet appropriate standards for the selected highway,
designers must not be so concerned with traffic data and standards that they negle ct entirely
the value of local culture and the natural beauty of the land traversed. Much controversy can
be avoided by knowing what features are considered important by the people who live in the
project area and by designing to minimize a project's impact on those features without
compromising safety.

Some principles to keep in mind when designing projects are:
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e Inrural areas, shallow fill sections generally require less right of way than cut sections
because they reduce the amount of roadside ditching. (Shallow fill sections are also
less susceptible to blowing and drifting snow problems than cut sections.)

e Although right of way impacts cannot always be avoided, many times they can be
reduced through creative design efforts, particularly in sensitive areas. The use of
centerline shifts, special ditches, lawn pipes, tip-up shoulders, field inlets, and gabions
are just a few of the techniques which could be considered when investigating
alternative designs.

e The cost of right of way is an important factor to consider when investigating project
alternates. Right of way cost should be balanced against construction and future
maintenance costs.

5.8.2.3 Balancing Cutsand Fills

When developing aroadway profile, it is generally cost-effective to provide abalance between
cut and fill sections. However, the need to minimize impacts to adjacent properties often
overrides the benefit of ahighway with balanced cuts and fills.

5.8.3 Joint UseoftheHighway Corridor

The joint use of transportation corridors is a legitimate and necessary utilization of right of way.
The accommodation of pedestrians, bicyclists, and utilities, along with transit, commercial, and
private motor vehicles, provides a more comprehensive transportation system resulting in
significant cost, mobility, and environmental benefits. The designer must recognize the positive
implications of this sharing of the transportation corridor and consider not only the safe, efficient
movement of vehicles, but also, the movement of people, the distributio n of goods, and the
provision of essential services.

5.8.4 Social,Economic,and Environmental Considerations

Throughout the project development process, consideration must be given to mitigation for areas
impacted by Department projects. Mitigation is defined by the Council on Environmental Quality
as avoiding, minimizing, rectifying, reducing/eliminating, and compensating for impacts. Detailed
information is provided in NYSDOT’s Project DevelopmentManual and Environmental Manual.
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5.8.5 Utilities

Utility facilities occupy State highway right of way either by law or by permission of the
Department. Utility occupation is subordinate and subject to the use of the right of way by the
Departmentfor highway or other purposes authorized by law. Itisin the public interestfor utilities
to be accommodated within the highway right of way.

Utilities must be considered when scoping and designing a project. Early coordination between
the Department and utilities is vital to a successful design. With early and reliable utility as-built
information, many costly relocations can often be reduced or eliminated through minor design
changes. While it may be necessary for designers to make adjustments for utility
accommodations, acceptable safety standards must always be maintained.

Some types of utility relocations are eligible for reimbursement by the Department, but the
Department does not subsidize utility accommodations. For additional information refer to Part
131 (Accommodation of Utilities Within State Highway Right-of-Way) of Title 17 of the "Official
Compilation of Codes, Rules, and Regulations of the State of New York" and Chapters 10 and 13
of this manual.

5.8.6 Increasing Capacity Without Adding Lanes

As congestion increases and there is less opportunity to provide additional lanes, there are a
number of options that can and should be considered when designing a project to relieve
congestion. The following subsections briefly describe some of the measures that may be used.
Mobility measures are described in more detail in Chapter 24 of this manual. The design effort
for these measures should be coordinated with the Regional Planning and Program Manager and
the Regional Transportation Systems Operations Group.

586.1 Intelligent Transportation Systems (ITS)

Applying the technologies of advanced communications, information processing, sensing
systems, and computer control systems to control vehicles operating on the highway and
transportation network is known as ITS. Employing ITS strategies can improve the operation
of the existing transportation system by redirecting traffic to avoid congestion, providing
assistance to drivers and other travelers on planning and following optimal routes, increasing
the reliability of and access to information on public transportation routes and schedules, and
refocusing safety efforts on crash avoidance rather than just minimizing the consequences of
crashes. It will include such strategies as rapid response to road crashes to restore traffic
flow, changeable message signs to inform drivers of current road conditions, better
information on ridesharing opportunities, control of traffic movement, route guidance systems,
and electronictoll collection, to name a few.

586.2 Ramp Metering

Ramp meters are considered to be a very cost-effective technique for improving traffic flow
on freeways, protecting mainline capacities and improving overall operational efficiencies
during peak flow periods. Aramp meter is a modified traffic signal which is located on a ramp
and which operates at a controlled rate to regulate the flow of traffic fromthe ramp to the
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freeway. Therate at which vehicles are released into the freeway lane is based on the freeway
traffic volume. When congestion on the freeway is heavy, the release rate is less frequent.
During off-peak periods, the signal may revert to pretimed intervals or may be taken out of
service until the next period of congestion. Further information can be found in Chapter 24,
Section 24.5.1, of this manual.

586.3 Reversible-Flow Traffic Lanes

When the peak travel demand on a multiple lane facility is significantly greater in one direction
than in the other and that demand is reversed between the morning and evening periods,
reversible-flow operation may be justified. It can be applied to mixed-use traffic on undivided
or divided urban arterials and to express buses or other HOVs on arterials or freeways.
Reversible-flow lanes are usually located in the center or median lane(s). During off -peak
periods the operation on arterials can revert back to the normal traffic pattern. It is generally
desirable to separate reversible-flow traffic lanes from the mixed-use traffic by physical
barriers. In addition, the lanes to be reversed and the direction of traffic flow can be
designated by specific traffic signals suspended over each lane and by permanent signs
advising motorists of changes in traffic regulations and the hours they are in effect. Further
information on reversible-flow lanes may be found in Chapter 24, Section 24.2.4, of this
manual.

5864 Shoulders as Travel Lanes on Freeways

On a freeway that requires increased capacity due to congestion, converting the existing
shoulder to a travel lane may be the most expedient and economical method of adding
capacity when compared to the alternative of purchasing additional right of way and adding a
new lane. It may be done, for example, when queues develop at freeway-to-freeway
interchanges, or when congestion occurs at bottlenecks or merge points, or when peak
periods exceed 3 hours in duration. Care should be taken to ensure that the resultant loss of
the shoulder(s) does not produce more congestion-related problems and crashes than it
eliminates. Driving on the shoulders of state-controlled access highways is prohibited and
must be authorized by the Department. Further discussion of the use of freeway shoulders
as peak-hour travellanesis foundin Chapter 24, Section 24.5.4, of this manual.

5.8.6.5 Priority Treatment for HOVs on Arterials

Providing priority treatments for buses at traffic signals on arterial streets has the potential for
reducing delays, in effect, increasing capacity. For example, turn restrictions are often used
to increase capacity where limited space prevents the addition of a lane or lanes. The turn
restrictions may disrupt bus routes and schedules by forcing them to travel greater distances.
By exempting buses from the turning restrictions, distances and travel time can be reduced,
reducing delays to the greater number of bus passengers. Passive systems for granting
priority to HOVs involve signal timing adjustments to favor the direction of flow with the greater
number of HOVSs, or providing special HOV phases on facilities with reserved lanes or streets.
Active systems include special equipment for buses which allow preemption of normal traffic
signal cycles. Further information on priority treatment systems can be found in Chapter 24,
Section 24.5.8, of this manual.
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5.8.6.6 Upgarading the Signal System from Pretimed to Actuated Control

Actuated signal systems adjust the signal timing based on vehicle detection systems.
Vehicle detection systems are described in Chapter 11, Section 11.3.2, of this manual.

5.8.6.7 Coordinated Signal System

Coordinated signal systems are two or more synchronized signals that allow vehicles to travel
through each signal without stopping. Coordinated signal systems are described in Chapter
11, Section 11.3.3.5F, of thismanual.

5.8.6.8 Elimination of On-Street Parking

Elimination of on street parking can reduce the delay caused by traffic slowing while vehicles
enter and exit the parking lane. The parking lane can help provide space for turn lanes and/or
a median to prevent mid-block left turns. Refer to Section 5.7.16 for adiscussion of off-street
parking areas.

5.8.6.9 Eliminating Mid-Block Left Turns

The installation of raised medians can improve capacity and safety on uncontrolled access
facilities by eliminating mid-block left turn maneuvers. Roundabouts, U-turns, jug handles, or
indirect lefts can help provide access for those who would otherwise make a left turn. Refer
to Section 5.9.1 for adiscussion of these intersection configurations.

5.8.6.10 Converting a2 or 4 Lane Section with Shoulders to a3 or 5 Lane Section

Where ROW is severely constrained, a two-way left-turn lane (TWLTL) may provide more
overall benefit to safety and capacity than wide shoulders depending on the travel speeds,
traffic volume, turning volumes, frequency of commercial driveways, and crash history. Refer
to Section 5.9.8.2.Cforadiscussion of TWLTLs.

5.8.7 Traffic Calming

Traffic calming recognizes the significance of sharing the transportation corridor by employing
techniques to reduce vehicle speeds and volumes. Traffic calming measures can help support
the livability and vitality of a residential or commercial area through an improvement in non-
motorist safety, mobility, and comfort. Examples of measures include slow points, street closures,
and narrow and short streets. Further information on traffic calming can be found in Chapter 25
of this manual.
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5.8.8 Aesthetics

The visual quality of travel corridors should be considered along with the safe, efficient movement
of people and goods. The lands adjacent to highways are the most visible to the traveling public,
often defining the image and character of the locale and region.

The creation or preservation of an attractive landscape can contribute to safety, environmental,
and economic benefits. The careful blending of the highway with the natural and cultural
landscape, the careful grading of cut andfill slopes, and the selective preservation of vegetation,
supplemented with new plantings where appropriate, help to:

Define the highway for the motorist.

Reduce the potential for erosion.

Reduce the need for precautionary signing and guide rail.
Reduce construction costs.

Integrate the project into the surrounding area.

To minimize the visual impact from adjacent sensitive viewing locations, particularly along high-
volume roadways, the feasibility of screening the highway should be investigated during design.
Project developers should coordinate with the Regional Landscape Architect in assessing the
project needs and in designing appropriate measures.
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5.9 INTERSECTIONS AT GRADE

Highway crossings may be grade separated or at-grade (signalized and unsignalized). Grade-
separated crossings do not provide access between the crossing highways unless an interchange
is constructed. Interchanges consist of special purpose roadways (ramps) which provide either
partial or complete access between the highways. The decision whether to provide an at -grade
or a grade-separated highway crossing is a trade-off between providing optimal service to through
traffic on one or both highways and providing access to surrounding land uses and should be
based on the highway functional classification and operational and safety considerations. The
type of crossing selected should meet capacity, safety, and mobility needs and be consistent with
Regional land use plans. Chapter 10 of AASHTO's A Policy on Geometric Design of Highways
and Streets, 2018, provides guidance on the selection of atype of crossing.

Intersections influence and, in some cases, are a prime determinant of operating conditions on
each intersecting highway and consequently merit special consideration in design. In urban or
suburban areas, crashes and capacity constraints are often concentrated atintersections.

Intersections should provide access between highway approaches at alevel of service consistent
with driver expectations for the highway, incorporate cost effective mitigation of crash patterns on
existing facilities and address safety issues on new facilities.

Design of intersections should be consistent with the design considerations and
recommendations contained in Chapter 18 of this manual and Chapter 9 of AASHTO's A Policy
on Geometric Design of Highways and Streets, 2018.

5.9.1 Typesofintersections

The basic at grade intersection types are the circular, angular, and nontraditional intersections.
Circular intersections include the traffic circle, rotary, and roundabout. Angular intersections
include three-leg, such as T- or Y- intersections, four-leg, and the multileg. Nontraditional
intersections include the Super-Street Median Crossover and Continuous Flow Intersection.
Operational considerations for selecting an intersection layout include design-hour volumes and
predominant movements, types and mix of vehicles, pedestrians, bicyclists, approach speeds,
number of approaches, and safety needs. Local conditions and right of way costs often influence
the intersection that is feasible and the associated design elements. The alignment and grade of
intersecting highways combined with crash patterns may require channelizing the intersection
regardless of the traffic volumes (refer to Section 5.9.4 of this Chapter).

General objectives for intersection design are:

To provide adequate sight distances.

To minimize points of conflict.

To simplify conflict areas.

To limit conflict frequency.

To minimize severity of conflicts.

e Tominimize delay.

e To provide acceptable capacity for the design year.

Roundabouts are frequently able to address the above objectives better than other intersection
types in both urban and rural environments and on high- and low-speed highways. Thus, when
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a project includes reconstructing or constructing new intersections, aroundabout alternative is to
be analyzed to determine if it is a feasible solution based on site constraints, including ROW,
environmental factors, and other design constraints. Exceptions to this requirement are where
the intersection:

e Has no current or anticipated safety, capacity, or other operational problems.

¢ |Iswithina well working coordinated signal system postedat under 45 mph with acceptable
crash histories.

e Is where signals will be installed solely for emergency vehicle preemption.

o Has steep terrain that makes providing an area, graded at 4% or less for the circulating
roadways, infeasible.

When the analysis shows that a single lane roundabout is a reasonable alternative, it should be
considered the Department’s preferred altemative due to the proven substantial safety benefits
and other operational benefits. Guidance on roundabouts can be found in Chapter 26 of this
manual.

Note: A reasonable alternative is a feasible solution that meets the objectives in a cost-effective
and environmentally sound manner. The preferred alternative is the reasonable alternative that
the Department is leaning toward recommending for design approval. The preferred alternative
can change if a new reasonable alternative is identified and as the reasonable alternatives are
evaluated during preliminary design.

59.11 Circular Intersections

Traffic circles and rotaries, popular during the first half of the 20t century, typically have
serious operational and safety problems, which include the tendency to lock -up at higher
volumes. These intersection types are not to be constructed and should be evaluated for
reconstruction when included in a multicourse resurfacing ( i.e., 2R/3R project) or
reconstructionproject.

Roundabouts offer unique solutions to traffic operations and safety problems at intersections.
Generally, for the same traffic volume, delays are less at roundabouts as compared to other
controlled intersections (typical delay reductions are 30 -70%). Roundabouts will
accommodate large volumes of left turn movements with less delay than signalized
intersections. If left turns are minimal, or most of the traffic is making similar moves (i.e., there
is a significantly dominant direction of traffic), then a conventional controlled intersection may
offer less vehicular delay. With regard to safety, roundabouts reduce vehicle speeds and result
in significantly fewer crashes. A study by the Insurance Institute for Highway Safety found
that construction of roundabouts resulted in a 39% overall reduction in crashes; a 76%
reduction in injury crashes and an 89% reduction in fatal or incapacitating crashes. No other
intersection type has been found to provide that magnitude of safety improvement. Refer to
Exhibit 5-23 for examples of a one-lane roundabout, atwo-lane roundabout, and a roundabout
corridor.

Designers should refer to the roundabout pages on the Department’s Internet and IntraDOT
sites for the latest requirements, guidance, and public involvement materials for roundabouts.
Additionally, designers should contact their Regional expert or the Intersection Design Squads
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in the Design Bureau for guidance and assistance throughout the development of the
roundabout design.

The initial layout, preliminary plans, and advance detail plans for the roundabout should be
reviewed by designers with considerable roundabout design experience. For multi-lane
roundabouts, roundabouts with more than 4 legs, and roundabouts with unusual geometry,
the Intersection Design Squads should be included in the review by e-mailing the ProjectWise
location to roundabouts@dot.ny.gov.

59.1.2 Angular Intersections

A. 3 Legged (T Intersections)

T-intersections are one of the most commonly used intersection types. Refer to Sections
5.9.2 through 5.9.8 of this chapter for guidance and requirements applicable to these
intersections.

B. Closely Spaced T Intersections

Closely spaced opposing T intersections are offset ("dog leg") intersections, where either
the main street or side street approach legs are not aligned with each other. Offset
intersections can result in operational problems, depending on the offset distance, traffic
control, and the amount of traffic going from one offset leg to the other. Consult with the
Regional Transportation Systems Operations Engineer to determine the appropriateness
of aligning offsetintersectionlegs.

At offset intersections and divided highway crossings, where the distance between the
nearest edges of the two intersecting roadways is 30 ft (9.14 m) or more, two separate
intersections exist and must be independently controlled with appropriate intersection
control. The Vehicle and Traffic Law definition of roadway is "That portion of a highway
improved, designed, marked, or ordinarily used for vehicular travel, exclusive of the
shoulder orslope.” Referto Exhibit5-24.

Note: Title I, Article 1, Section 120(b) of the NYS Vehicle and Traffic Law states when
two roadways intersect a highway 30 ft (9.14 m) or more apart, each crossing shall be
regarded as a separate intersection.

Offset intersection approaches or roadways within 30 ft (9.14 m) of each other may be
considered one intersection for the purpose of traffic control. Consult with the Regional
Transportation Systems Operations Engineer to determine appropriate traffic control at
offset intersections. Coordination of geometric design and traffic control is especially
critical at these intersections.
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C. 3 Legged (Y-Intersections)

Y-intersections experience widespread operational and safety problems and should be
avoided. If acrash problemis identified, existing Y-intersections should be realigned to T-
intersections, replaced by a roundabout, or their retention discussed in the Design
Approval Document. The rationale for retention should be based on the lack of a related
crash pattern, excessive grade, or unreasonable reconstruction costs and/or impacts.
When the angle is 60° or more from a right angle, additional signing may be needed to
clearly mark the through route, particularly for 3-legged intersections.

Chapter 9 of AASHTO's A Policy on Geometric Design of Highways and Streets, 2018,
and NCHRP 279 Intersection Channelization Design Guide provide more detailed
information on Y-type intersections.

D. Four-Leg
Four-leg intersections are one of the most common intersection types. There are
numerous variations involving channelization, traffic control, skew, and number of through

and turning lanes. Refer to Sections 5.9.2 through 5.9.8 of this chapter for guidance and
requirements applicable to these intersections.

E. Multileg
Multileg intersections are those with 5 or more intersection legs and should be avoided

whenever practical. Refer to Sections 5.9.2 through 5.9.8 of this chapter for guidance and
requirements applicable to these intersections

59.1.3 Nontraditional Intersections

Nontraditional intersections require special consideration and treatment, and they should be
developed in consultation with the Regional Transportation Systems Operations Engineer.
Additional information, including the layout, applicability, design features, safety performance,
and operational performance of the following intersections discussed below are covered in
FHWA'’s Signalized Intersections: Informational Guide.

A. Jughandle (Indirect Left Turns)

Where operational or safety concerns preclude left turns from the median lane, indirect
left turns or jughandles can, if adequate advance signing is provided, provide safe and
efficient left-turn access by diverting left turns to separate turning roadways which cross
the mainline or intersect the cross street at adifferentlocation. Referto Exhibit 5-25.
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B. Quadrant Roadway Intersection

A quadrant roadway intersection includes an extra roadway between two legs of the
intersection. The roadway is bidirectional, forces left turning traffic to travel a greater
distance, and creates two T intersections that can operate with a three phased signal. The
design removes all left turns from the major intersection, which can be signalized with a 2
phase signal, greatly increasing the green time for the through movements. Akey element
of this design is to locate the quadrant roadway a sufficient distance back from the major
intersection to eliminate the potential of queue spillback.

C. Others
Several other nontraditional intersectiontypes have been developed. They include:
e Median U-Turn Crossover

e Continuous Flow Intersection
e Super-Street Median Crossover
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Exhibit 5-23 Roundabout Intersections

A: Example Single Lane Roundabout

e i T e e

C: Example of Roundabout Corridor

B: Example Multi-lane Roundabout
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Exhibit 5-24  Divided Highway Crossings and Offset Intersections

Divided Highway Crossing

o

[fD 2300t treat as two separate intersections.
IfD < 30.0 ft, may be treated as one intersection.

Offset Intersection

ot
{7

N

Edgeof T Wy —, |o

))—

[fD 2300t treat as two separate intersections.
If D < 30.0 ft, may be treated as one intersection,
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Exhibit 5-25 Jughandles and IndirectLeft Turns

T-Intersection with

Jill

Advanced turn when movement from Delayed turn when movement
Ato B and from B to Cis restricted. from D to A is restricted.

Delayed turn when movement from Cto D is restricted.
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5.9.2 Intersection Capacityand Level-of-Service Analysis

59.21 Motorized Traffic

The Highway Capacity Manual (HCM) quantifies the quality of traffic flow in terms of levels of
service (LOS). As indicated in Section 5.2.3.4, there are six levels of service with LOS A
representing very low levels of delays and F representing high levels of delays associated
with congestion. Level of service should be a consideration for every project except preventive
maintenance projects. The intersection design elements and traffic control techniques
selected should meetthe level of service objective.

Levels of service and capacity for signalized intersections are calculated for each lane group
(a lane group may be one or more movements), each intersection approach, and the
intersection as a whole. The intersection level of service is merely a weighted average of the
individual approaches and may not be considered a valid measure of the quality or
acceptability of an intersection design since it can conceal poor operating conditions on
individual approaches. It is a common error to consider an average intersection LOS C as
acceptable while one or more lane groups are at LOS F. Correct intersection design practice
strives to provide design-year LOS D or better on each lane group in urban areas and LOS C
in rural areas.

In some cases, it may be necessary to accept LOS E or F on individual lane groups due to
unreasonable costs or impacts associated with improving the level of service. In such cases,
acceptance of LOS E or F should be agreed to in the scoping/design process and explained
in the Design Approval Document. Note that seconds of delay should be used in design
approval documentsas it may be easier for the public and decision makersto understand.

Level of service for signalized and unsignalized intersections is based on control delay, as
shown in Exhibit 5-26. Control delay is defined as the average vehicle delay in seconds
caused by the traffic control device compared to the uncontrolled condition. This includes the
delay due to deceleration from the free-flow speed to the back of queue (if any), queue move-
up (as needed), stopping/yielding, and accelerating to the free-flow speed.
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Exhibit 5-26  Control Delayand Level of Service (LOS)

5-101

g
3
o
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o
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Level Flow Technical Flow
sevicel Conditions | Descriptions iti

Technical
Descriptions

5

e

Highest quality of service.
Free traffic flow with

few restrictions on
maneuverability or speed.

IA
—
o

11-15

11-20

16-25

21-35

26-35

Minimal delays

36-55

36-50

A

-

>50

oLl 4L L

56-80

>80

(Ref. Exhibit 419-1 and 18-4 of the Highway Capacity Manual, 2010.)

EB 22-057 D.A. 01/01/2023

85.9
INTERSECTIONS AT GRADE



BASIC DESIGN 5-102

Levels of service at unsignalized intersections are only calculated for minor movements since
the through movement on the major street is not affected by intersection traffic control. The
level of service for signalized intersections and unsignalized intersections can be compared.
When a traffic signal is installed, the introduction of delay to the main street usually increases
overallintersection delay.

Refer to Section 5.2 of this chapter for a discussion of the traffic analysis software to be used
for signalized, roundabout, and other unsignalized intersection capacity analysis. Refer to the
roundabout pages on the Department’s Intemet and IntraDOT sites for requirements and
guidance when performing roundabout capacity analysis. Refer to the procedures in the HCM
for requirements and guidance when performing capacity analysis for other types of
intersections (i.e., the HCM procedure is not to be used for roundabouts). Capacity analysis
must be reviewed by someone with expertise in capacity analysis and signal operations to
ensure proper modeling of the intersection configuration and the signal operation.

Intersection turning countsfor AM, PM, and other peak periods, peak-hour factors (PHF), and
the percentage of heavy vehicles are foremost among the data required for the capacity
analysis. The PHF, as defined in the HCM, is critical to the analysis, and site -specific data,
rather than default values, should be used. Data on the number of pedestrians, location and
frequency of bus stops and parking are required for signalized intersection analysis. Section
5.2 of this chapter elaborates on required traffic volume data.

Refer to Chapter 11 of this manual for the detailed design of traffic control devices (i.e., signs,
signals, pavement markings, etc.).

5922 Non-automobile Level of Service

For high density main streets and central business/walking districts with very high peak
pedestrian traffic and/or bicycle volumes, it may be necessary to determine non-automobile
delay and LOS. The Highway Capacity Manual provides guidelines to determine delay and
LOSfor both pedestrians and cyclists.

At intersections with high volumes of automobiles and pedestrians and long cycle lengths, it
may be useful to calculate pedestrian delay to determine if a pedestrian overpass or a better
balance of pedestrian and motor vehicle delay isneeded to improve safety. When pedestrians
(p) experience more than 30 seconds (s) of delay, they become impatient, and may take
greater risks and cross at inappropriate times. At intersections with high conflicting vehicle
volumes, pedestrians have little choice but to wait for the walk signal, and observed
noncompliance isless (refer to the Highway Capacity Manual for more guidance).

59.23 Balancing Levelof Service

Where it is not feasible to simultaneously improve LOS for all traffic modes through design
and operational modifications, tradeoffs are necessary. The Highway Capacity Manual should
be referenced to establish an optimum LOS for each mode that appropriately balances the
competing needs of motorists and pedestrians.

EB 22-057 D.A. 01/01/2023 85.9
INTERSECTIONS AT GRADE


https://www.dot.ny.gov/divisions/engineering/design/dqab/hdm/chapter-11

BASIC DESIGN 5-103

5.9.3 Intersection Geometrics

When establishing the intersection geometry, designers should recognize the following driver
expectations so as to make the navigation and decision making process simpler for the driver:

The number of through-lanes approaching and leaving an intersection will be the same
e The mostimportant route will be the most direct.
o Leftturns froman arterial street will be made fromthe left-hand-lane, while right turns
are made fromtherightlane and
e What appears to be a through-lane will not be dropped at an exclusive turning lane.

The following discussion applies to traditional intersection designs. Refer to Chapter 18 of this
manual for bicycle and pedestrian considerations and refer to the roundabout pages on the
Department’s Internet and IntraDOT sites for requirements and guidance on roundabouts.

5931 Intersection Approaches

Avoid using short radius curves or unnatural travel paths near the intersection (i.e., a hooked
intersection), only for the sake of reducing intersection skew. Turning vehicles often follow
smoother, more natural travel paths rather than conforming to abrupt alignment changes.
Abrupt approach alignment can lead to encroachments into opposing lanes, unwanted
detector actuation, prematurely worn pavement markings, crashes, and poor visibility. If poor
approach visibility cannot be avoided, provide SIGNAL AHEAD (W2-17) or STOP AHEAD
(W2-15) signs onthe appropriate approach(es).

The intersection approach curves, where traffic is not always required to stop, must be
consistent with the design speed established for each approaching roadway in accordance
with the requirements of Chapter 2 of this manual.

Certain intersection types with sharp radius curves or stop conditions require motorists to
reduce their speed below the anticipated operating speed. Strict application of the design
speed (measured along the open highway) for the intersection approaches may not be needed
or appropriate. Therefore, intersection approach curves may be designed with a design speed
of 15 mph (20 km/h) below the design speed of the approach highway where all of the
following are met:

e The design speed of the approach highway was established in accordance with
Section 5.2.5 of thismanual.

e The curve will be within 1,000 ft (300 m) of an intersection.

e The curveis on aleg of a roundabout or the minor leg of a T intersection (that is stop
controlled or yield/signal controlled with an acute angle of 60 degrees or more).

e The intersection does not violate driver expectancy and adequate sight distance
and/or advance warning devices will be used.

e The curvature will not obscure the back of queue during the design hour (i.e., the
horizontal sight distance and stopping sight distance are adequate).

e The curveis notusing a ramp design speed, which is already less than the highway
main line speed.

EB 22-057 D.A. 01/01/2023 85.9
INTERSECTIONS AT GRADE


https://www.dot.ny.gov/divisions/engineering/design/dqab/hdm/chapter-18
https://www.dot.ny.gov/divisions/engineering/design/dqab/hdm/chapter-2

BASIC DESIGN 5-104

Note: Studies have shown that limiting the change in the design speed to 15 mph (20 km/h)
can reduce the crash rate. Additionally, a study specific to roundabouts showed that
successive reverse curves prior to aroundabout can also reduce crashrates.

Speed reductions of more than 15 mph (20 km/h) along the approach to an intersection require
a nonstandard feature justification since a vehicle’s ability to decelerate is diminished when
negotiating sharp radius curves. Two and four way stop controlled intersections may use a
reduced speed only if justified as a nonstandard feature since these intersection types often
lend themselves to future signalization and much higher operating speeds.

59.3.2 Highway Alignment Through an Intersection

Abrupt alignment changes within the intersection can lead to encroachments into opposing
lanes, unwanted detector actuation, prematurely worn pavement markings, crashes, and poor
visibility. The vertical alignment should not place low points within the intersection.

Horizontal alignment shifts are permitted, but not desirable, for traffic entering the intersection
from an approach with design speeds of 35 mph (60 km/h) or less. When approach traffic
may enter the intersection at speeds over 35 mph (60 km/h), a smooth alignment using
tangents or horizontal curves, based on the design speed of the approach, is needed. This
accommodates off-peak periods when traffic may move through signalized intersections at
the approach design speed.

59033 Intersection Angle

A right-angle intersection provides the shortest pedestrian crossing distance and minimizes
the duration of exposure to conflicting vehicles. A right-angle intersection also provides the
optimal sight line for drivers to judge the relative position and speed of other vehicles
(including bicycles) in or approaching the intersection and to view pedestrians approaching or
in the crosswalks. However, intersection angles skewed no more than 30 ° from a right angle
typically do not significantly increase crossing distances or decrease visibility and can be a
safe, adequate design.

When intersection angles are skewed more than 30° from a right angle, consideration should
be given to realigning one or more approaches especially if operational or safety problems
can be attributed to the skew. Methods for realigning the approaches are detailed in Chapter
9 of AASHTO's A Policy on Geometric Design of Highways and Streets, 2018. Also, refer to
Section 5.9.3.1.

5934 Pavement Width

Table 2-9 in Chapter 2 of this manual and Chapter 3 of AASHTO's A Policy on Geometric
Design of Highways and Streets, 2018, guide the selection of pavement widths for turning
roadways at channelized intersections. The pavement width is dependent upon the size of the
design vehicle, the curvature of the roadway, and the number of lanes. At unchannelized
intersections where there is minimal space available, the turning path of the design vehicle
governs.
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5935 Superelevation of At-Grade Intersection Turning Roadways

Sharp curvature and short lengths of intersection turning roadways often preclude the
development of full superelevation at a desirable rate. The use of compound curves and/or
spirals with gradually changing curvature can assist in developing a desirable superelevation
rate. Chapter 2 of this manual lists superelevation rates for intersection curves in relation to
design speeds. Superelevation runoff and rollover should also conform to Section 5.7 of this
chapter.

59.3.6 Intersection Cross Slopes

The cross slope at intersecting roadways affects drainage flow patterns, adjacent sidewalks,
pedestrian crossings, travel speeds, and safety. Cross sections and contour plans are often
needed, especially at major intersections, to ensure a smooth transition to and from the
intersection pavementand to ensure they are constructed to drain properly.

A. Traveled-Way Cross Slopes at Intersections

When both facilities are at normal cross slopes, the approach traveled -way cross slope
should be treated as follows (Refer to Exhibit 5-27). Note, the cross slope should be
designed for design year conditions. For example, the cross slopes of existing stop
controlled intersections that will likely become signalized before the design year should be
designed as signalized intersections.

e |If the off-peak 85" percentile vehicle from the minor approach(es) will stop or travel
less than 40 mph (70 km/h) through the intersection, normal cross slope should
generally be retained on the major highway. The edge of traveled way along the
minor approach(es) should be adjusted, using the maximum relative gradient from
Section 5.7.3.3 of this chapter, to achieve a cross section that matches the edge
of traveled way along the major highway. Vertical curves are to be used to adjust
the vertical alignment. A 4% maximum algebraic difference in grade may be used
for the minor road crossing atthe shoulder breaks and crown-line.

e |If the off-peak 85t percentile vehicle from the minor approach(es) will travel 40
mph (70 km/h) or more through the intersection, the intersection is to be flattened.
A minimum grade of 0.5% should be used to prevent storm water from ponding
within the intersection. The edge of traveled way along each approach should be
adjusted using the maximum relative gradient from Section 5.7.3.3 of this chapter
to achieve an approach cross section that matches the edge of traveled way along
the intersecting highway. Vertical curves are to be used to adjust the vertical
alignment.

When superelevation is needed through the intersection, an additional 2.0% of
superelevation, up to a maximum of 8.0%, may be used to achieve a compatible
intersection design. The approach cross slopes for the traveled way should be treated as
follows (Referto Exhibit5-27):
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¢ |f a highway requires superelevation through the intersection, itis to be provided
by adjusting vertical alignments and the cross section of the intersect ing
highway. The edge of traveled way should be adjusted using the maximum
relative gradient from Section 5.7.3.3 of this chapter to match the edge of
traveled way along the superelevated highway. Vertical curves are to be used to
adjust the vertical alignment.

¢ If two intersecting roadways require superelevation, one of the curves should be
relocated. In extreme cases, a broken back curve may be needed.
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Exhibit 5-27  Cross Slopes forIntersecting Highways

5-107

Intersection with vehicles
from the minor road operating
at less than 40 mph (70 kmih}

Transition
Lengths
Based on
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Gradient

-— . Intersection with vehicles
from the minor road operating
at 40 mph (70 km/h) or more
Minimum Grade for through the intersection
Crainage = 0.5%

Intersection with one
highway superelevated

Transition
Lengths Based
on Max Relative
Gradient

Highway Planes
Egqual
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B. Shoulder Cross Slopes at Intersections

Shoulder cross slope rates may be increased or flattened to minimize impacts to adjacent
sidewalk and drainage facilities. The maximum rollover rate between the traveled way
and shoulder is 8.0%. Desirably, the edge of the shoulder should be adjusted using the
maximum relative gradient from Section 5.7.3.3 of this chapter. However, more rapid rates
of change may be usedto meet site specific constraints.

C. Slopes of Pedestrian Crossings at Intersections

Grades and cross slopes of pedestrian crossings at intersections are subject to the current
Americans with Disabilities Act (ADA) guidelines for accessibility. Refer to Chapter 18 of
this manual and the “Critical Elements for the Design, Layout and Acceptance of
Pedestrian Facilities” table for the maximum allowable slopes.

59037 Intersection Turning Radii

Intersection radii should accommodate the design vehicle turning path. Refer to Section 5.7.1
for adiscussion of the appropriate design vehicle. The minimum designs for the inner edge of
pavement for turning paths should conform to Chapter 9 of AASHTO's A Policy on Geometric
Design of Highways and Streets, 2018. Any combination of radii, offsets, and tapers which
will approximate the results of the AASHT O designs may be used. The design sh ould consider
both the need to keep the intersection areato a minimum and the types of vehicles turning.

If curbs are used, flatter curves provide more room to maneuver. Depending on the
intersection angle and design vehicle, asymmetric three centered compound curves will
generally reduce the area of the intersection over simple curves with or without tapers. Refer
to Chapter 9 of AASHTO's A Policy on Geometric Design of Highways and Streets, 2018, for
layouts of three-centered compound curves.

The effect of curb radii on design vehicle turning paths and crosswalk length is shown in
Chapter 9 of AASHTO's A Policy on Geometric Design of Highways and Streets, 2018. For
larger vehicles turning through more than 90°, three-centered curves or offset-simple curves
with tapers or spirals are the preferred design since they fit vehicle paths better and require
less pavement area than simple curves do.

Radii design on urban and suburban streets must consider the needs of all users including
pedestrians, buses, and trucks. An increase in curb radii may result in an increase in the space
needed to accommodate pedestrian facilities for persons with disabilities, an increase in
crosswalk distances, and an increase in required right of way or corner setbacks. It may be
necessaryto provide araised or curbed island for pedestrian refuge, or to offset the crosswalk
to reduce crossing distance.
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5.9.4 Principlesof Channelization

Intersections which are skewed and have enlarged corner radii tend to have enlarged paved are as
which can result in uncontrolled movements, long pedestrian crossings and unused pavement.
Channelization in the form of properly placed flush or raised islands can control traffic movements
by reducing the pavement area available. Examples of channelized skew intersections are shown
in Chapter 9 of AASHTO's A Policy on Geometric Design of Highways and Streets, 2018 and
NCHRP 279 Intersection Channelization Design Guide.

Properly designed channelization increases operational efficiency and safety by sep arating or
eliminating conflict points and delineating travel paths for turning movements. People -moving
capacity can be enhanced by channelizing exclusive paths for high occupancy vehicles and
transit. The following principles should be applied to intersection channelization:

e Areas of Conflict - Points of conflict should be separated whenever possible and
desirable vehicle paths should be clearly defined.

¢ Raised/Curbed Refuge Islands - Provide safe refuge for pedestrians and other non-
motorized vehicle users.

e Prohibited Movements - Undesirable or wrong way movements should be physically
discouraged or prohibited.

e Preference to Major Movements or Designated Vehicles - High priority traffic movements
should be facilitated.

o Effective Traffic Control - Desired traffic control schemes should be facilitated and
desirable or safe vehicle speeds should be encouraged.

e Turning Roadway Alignment and Terminals - Traffic streams should cross at right angles
and merge at flat angles and decelerating, stopped or slow vehicles should be removed
fromthe through traffic stream.

e Size of Islands.

e Curbing of Islands.

¢ Island Offsets.

e Surface Treatment for Raised Islands.

5941 Areas of Conflict

Wide paved intersection areas are generally undesirable. The problems inherent in conflicting
movements become magnified due to insufficient guidance and the inability of drivers to
anticipate movements of other vehicles within these areas. Desirable vehi cle paths should
be clearly defined. Channelization reduces areas of conflict by using pavement markings or
islands to separate and/or regulate traffic movementsinto defined travel paths.

Large intersection conflict areas are typical of skewed intersect ion approach legs.
Channelization can reduce conflict areaby reducing the angle at which specific flows intersect.
Indirect left-turn roadways and jughandles (refer to Exhibit 5-25) can enhance safety and
capacity by separating left-turn conflicts from the rest of the intersection. Refer to Chapter 9
of AASHTO's A Policy on Geometric Design of Highways and Streets, 2018, for more
guidance and example configurations.
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Where large design vehicles must be accommodated by a wide pavement area, itis common
practice to stripe the pavement area for the turning path of a car and allow the larger vehicle
to drive over the striping. This practice helps discourage erratic maneuvers by cars or any
tendencyfor carsto formmore than one travel lane.

5942 Prohibited Movements

Specific movements which are, depending on traffic volume, speed, and other conditions,
undesirable from a safety or operational perspective should be prevented or discouraged by
channelization. Examples of such movements may include, but are not limited to, left turns
out of driveways or side streets, and wrong-way turns. Raised islands or judicious design of
curbradii are particularly effective in discouraging prohibited movements.

5943 Preferenceto Maior Movements or Designated Vehicles

Directing free flowing alignment to favor major movements should be considered. Major right-
turn movements are often given such priority by channelizing them away from the intersection
proper and providing separate traffic control as shown in Exhibit 5-28 and discussed in Section
5.9.4.6.

The channelized path should conform to natural paths of the movement, should be introduced
gradually to eliminate any surprise or abrupt movements, and should provide adequate turning
width and radii for the design vehicle. Exclusive through lanes, turning lanes, and turning
roadways (i.e., by-passes) can be channelized, as a component of a comprehensive plan, to
give priority to designated vehicles such as buses, high-occupancy vehicles, taxis, carpool
vehicles, and bicycles.

Turning roadway elements (e.g., width, radii, and superelevation) are to be designed in
accordance with Chapter 2, Section 2.7.5 of this manual and Section 5.9.4.6 of this chapter.

5944 Refuge Islands

Raised or curbed traffic islands can enhance pedestrian safety by providing a refuge area.
Refuge areas can permit two-stage crossings which can improve traffic signal efficiency by
allowing the time allocated for pedestrian movements to be reduced. The width for an island
serving as a pedestrian refuge should be a minimum of 6 ft (1.8 m) from the face of curb to
face of curb. Curbed islands should be delineated to enhance nighttime visibility. Approach
end treatment (e.g., offset, flare, height transition, ramping) should confo rm to Chapter 9 of
AASHTO's A Policy on Geometric Design of Highways and Streets, 2018. All islands in
pedestrian paths, whether curbed or uncurbed, must be accessible to persons with disabilities.
Refer to Chapter 18 of this manual for design guidance on pedestrian refuge islands.

The decision to use a curbed island should consider the following:
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» Anticipated number and frequency of pedestrians using the island, and vehicular
volumes

» Pedestrian crossing distance (a refuge should be considered for crossing distances
exceeding 60 feet, as discussed in the AASHTO Guide for the Planning, Design and
Operation of Pedestrian Facilities,2004).

» Pedestrian exposure to continuous vehicle turning movements during peak/holiday
periods

» Potential hazard that curbing may pose to errant vehicles.
» Potential traffic calming benefits to both pedestrian and vehicle traffic.

Exhibit 5-27a Curb and Barrier Treatments for Pedestrian Refuge Islands?

Design
Speed

< 40 mph

Curb Barrier

Consider low deflection barier for both
curbed and uncurbed refuges for design
speeds >35 mph. Bartier should be preferably

placed within 1ft. ofthe face of curb, but
vaulting risk is low.

6” vertical face (non-
mountable) curb

45 mph 50 mph

46" sloping (mountable)
curb prefemed, 6” vertical
face curb allowed

Consider low deflection barier for both
curbed and uncurbed refuges. Due to vaulting

concems, barmier should be placed within 1 ft.
of the face of curb.

> 50 mph

4’ 1.3 traversable curb or

See Note 2. Low-deflection barier system.

uncurbed (flush-
delineated, raised, or
depressed island)

Impact attenuating end treatments are
preferred if barier is used without curb. Due
to vaulting concems, barier should be placed
within 1ft. of the face of curb.

Notes:1. In all cases, shoulders or curb offsets from the traveled way should be provided to satisfy the requirements
given in Chapter 2 ofthismanual and Section 5.9.4.8 ofthis chapter.
2. When design speeds are 50 mph (80 km/h) or greater (high -speed traffic), the frequency and need for

pedestrian use must be weighed against the number of motorists and the potential hazard that a barrier system
would presenttothem.

Refer to Chapter 3, Section 3.2, of this manual for a discussion of various curb types and their

uses. When barriers and curbing will be used, refer to Chapter 10, Section 10.2.2.4 of this manual
for special considerations and requirements.

5945 Effective Traffic Control

Proper channelization enhances the effectiveness of actuated traffic signal control at
intersections with complex or high volume turning movements by isolating traffic flows which
move through the intersection during separate signal phases. Exclusive turning lanes permit
efficientuse of protected signal phasing.
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Exclusive right-turning roadways can, under certain traffic conditions, expedite a heavy right-
turn movement by forming a separate yield-controlled intersection with the cross street 30 ft
(9.14 m) or more downstream (measured along the travel way edge of the cross street) of the
near edge of the intersection of the through lanes. Refer to Exhibit 5-24. The 30 ft (9.14 m)
(or greater) separation is measured between the edges of the adjacent roadways as defined
by one of the following.

¢ Pavement marking defining the edges of the travel lanes.

¢ In lieu of markings, whatever serves as the edges of the travel lanes. The measurement
is not dependent upon the type of material existing within the channelizin g island area.
The island could be flush or raised, paved or unpaved, traversable or nontraversable.

e |f the separation between the adjacent roadways is less than 30 ft (9.14 m), the
intersection approach and right-turning roadway must be controlled as one intersection,
which may negate the benefits of the turning roadway. Consult with the Regional
Transportation Systems Operations Engineer to determine the appropriate traffic
control.

The Regional Transportation Systems Operations Engineer should also determine if the cross
street through movement is light enough to provide sufficient gaps for right-turning traffic
during the cross street through movement phase. A heavy, conflicting cross street through
movement (volume-to-capacity ratio in excess of 0.85) is not likely to provide additional gaps
for right turns other than those provided by the signal. The limited availability of gaps may also
result in an unacceptable number of rear end crashes on the turning roadway. Right-turn
efficiency and safety can be improved by adding either athrough lane or an acceleration lane
on the receiving roadway to eliminate the merge or increase the efficiency of merging traffic.
To avoid degrading traffic operations and safety, the acceleration lane should be built to
standard length per Chapter 10 of AASHTO's A Policy on Geometric Design of Highways and
Streets, 2018.

Channelization may require the installation of additional traffic control devices such as yield
signs and turn or directional assemblies. At more complex locations, wrong-way signing may
be needed but should not be substituted for a design that discourages or prevents wrong-way
movements. Provide adequate advance signing for indirect left turns and jug handles.
Advance signing is especially important if the indirect left turn is to be executed from the right
lane.

Proper channelization can encourage desirable or safe vehicle speeds. Large turning radii
and speed change lanes can help reduce the speed differential between turning and through
traffic. Small turning radii, stop signs, and oblique entrance angles can reduce vehicle speeds
in areas with high pedestrian volumes.

5946 Turning Roadway Alignment and Terminals

Channelized right-turning roadways are sometimes called right-turn slip lanes or right-turn
bypass lanes. There are two types of channelized right-turning roadways for at-grade
intersections: right-turning roadways with comer islands and free-flowing right-turning
roadways.
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A. Right-TurningRoadways with Corner Islands

Right-turning roadways with corner islands are either yield, stop, or signal controlled at the
entrance to the intersecting roadway. They do not include acceleration lanes, as shown
in the upper left corner of Exhibit 5-28.

The alignment of the edge of traveled way where the turning roadway either diverges from
or merges with the through highway should be designed with spirals and/or compound
curves. The spirals or compound curves should be long enough to avoid sudden
deceleration by drivers while still on the through highway, to provide a natural turning path
and to develop superelevation in advance of the maximum curvature. Desirable types of
alignments and maximum lengths of spiral for intersection curves and circular arcs for
compound intersection curves are shown in Chapter 9 of AASHTO's A Policy on
Geometric Design of Highways and Streets, 2018. When turning from a high-speed
highway, a deceleration lane is desirable. Deceleration lanes should be designed in
accordance with Chapter 10 of AASHTO's A Policy on Geometric Design of Highways and
Streets, 2018.

A 90° to 60° angle between the turning roadway and intersecting roadway provides the
optimal sight line for drivers entering the highway from the turning roadway to judge the
relative position and speed of approaching vehicles. Turning roadways that enter the
highway at angles of less than 60° without an acceleration lane require the entering
motorist to look over their shoulder to view approaching vehicles and are undesirable.

B. Free-Flow, Right-Turning Roadways

Right-turning roadways with acceleration lanes are called free-flow, right-turning
roadways. Theyfunction asramps for an at-grade intersection.

The alignment of the edge of traveled way where the free-flow, right-turning roadway
diverges from the through highway should be designed with spirals and/or compound
curves. The spirals or compound curves should be long enough to avoid sudden
deceleration by drivers while still on the through highway, to provide a natural turning path
and to develop superelevation in advance of the maximum curvature. For high-speed
highways, deceleration lanes are desirable.

Free-flow, right-turning roadways should be designed with a near-tangent approach to the
highway to encourage use of the acceleration lane, as shown in the lower left corner of
Exhibit 5-28. Taper- or parallel-type acceleration lanes are required to allow motorists to
use their mirrors to merge into traffic. Acceleration and deceleration lanes should be
designed in accordance with Section 5.9.8.3 of this chapter.
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Exhibit 5-28 High-Capacity Signalized Intersection with Double Left-Turn Lanes and
Right-Turning Roadways

Note: [lustration not o scale.
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5947 Size of Islands

Islands should be large enough to effectively channelize traffic flows in advance of the
intersection. Small raised islands can lead to maintenance problems and may be difficult for
motorists to see and react to. Chapter 9 of AASHTO's A Policy on Geometric Design of
Highways and Streets, 2018, specifies the smallest size curbed islands which normally should
be considered. Smaller islands should be flush and color contrasted with the remainder of the
pavement. Contrasting surface texture may also be appropriate. The painted area of a wide
turning roadway (as described in Section 5.9.4.1) can be included in the legally required
minimum 30 ft(9.14 m) separation mentioned in Section 5.9.4.6 and the minimum island area.
Islands need to be large enough to accommodate all of the following as appropriate: signs,
delineators, pedestrian storage, barriers, landscaping, etc.

Both Chapter 9 of AASHTO's A Policy on Geometric Design of Highways and Streets, 2018,
and NCHRP Report 279 Intersection Channelization Design Guide recommend specific
dimensionsforislands as a function of their use.

59.4.7 Curbing of Islands

Refer to Section 5.9.4.4 for adiscussion of curbing issues related to refuge islands and islands
in general. When it is decided to curb raised islands that are not intended as pedestrian
refuges, mountable curbing should be used to allow errant drivers to maintain control of their
vehicle. The decision to use a curbed island should consider the potential hazard that curbing
may pose to medium and high-speed traffic (> 45 mph [70 km/h]). Raised islands bordering
high-speed through lanes should be located outside the shoulder area and should use only
the 4 in (100 mm) mountable or traversable curbs. Refer to Chapters 3 and 10 of this manual.

5948 Island Offsets

Curbed islands should be offset from the travel lane in accordance with Chapter 9 of
AASHTO's A Policy on Geometric Design of Highways and Streets, 2018. Offsets are also
recommended for uncurbed islands, butthey are not essential. Islands with mountable curbing
should be offset from through travel lanes but do not need to be offset from turning roadways
unlessthereisa needto minimize exposure to traffic.

When approach shoulders are used, the shoulders should be continued past the island and
the offsetbetween the island and the travel lane should be the shoulder itself except where a
deceleration or turning lane is provided. No additional offset from the shoulder edge is
necessary, butsome may be advantageous at higher operating speeds.

5949 Surface Treatment for Raised Islands

Small islands (<200 SF (<18 m?)) at intersections should be paved. Easily maintained paving
material that cannot be scattered by traffic should be used.
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Large islands 2200 SF (18 m?) may be paved or turfed. Large islands in residential areas
may be landscaped provided that the plantings do not interfere with sight distance or grow
larger than 4 in (100 mm) in trunk diameter. Islands should not be landscaped without the
concurrence of the Regional Transportation Maintenance Group or other maintenance entity
if the island is to be maintained by others. Although usually not needed for small islands,
large islands should have inlets in the center or along the curbed edges to prevent drainage
fromadversely impacting adjacent roadways.

5.9.5 IntersectionSight Distance

Each intersection has the potential for several different types of vehicular conflict. Providing sight
distance at intersections allows drivers to perceive potentially conflicting vehicles. Intersection
sightdistance should allow drivers sufficient time to stop or adjust their spee d, as needed, to avoid
a collision in the intersection. The driver of a vehicle approaching an intersection should have an
unobstructed view of the entire intersection, including traffic control devices, and sufficient lengths
along the intersecting highway to permit the driver to anticipate and avoid potential collisions.
Sight distance also allows the drivers of stopped vehicles a sufficient view of the intersecting
highway to decide when to enter the intersecting highway or cross it. Sufficient sight distance for
motor vehicles also provides sightdistances for bicyclists and pedestrians.

Note: If the Intersection Sight Distance cannot be met, consideration should be given to adding
warning signs or signaling.

5951 Sight Triangles

Each quadrant of an intersection should contain a triangular area free of obstructions that
might block an approaching driver’s view of potentially conflicting vehicles and the presence
of pedestrians. These areas are known as clear sight triangles. The intersection sight
distance is measured along the “@” and “b” legs of the sight triangle, not the hypotenuse.

The dimensions of the legs of the sight triangles depend on the design speeds of the
intersecting roadways and the type of traffic control used at the intersectio n. Two types of
clear sight triangles are considered in intersection design, approach sight triangles and
departure sight triangles. The length of the legs of this triangular area, along both intersecting
roadways, should be such that the drivers can see any potentially conflicting vehicles in
sufficient time to slow or stop before colliding within the intersection. Exhibit 5-29 depicts
typical approach and departure sighttriangles.
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Exhibit 5-29  Approach and Departure Sight Triangles

A - Approach Sight Triagles

Minor Road Minor Road
b
| .
| Major Road Maijor Road |
|
!
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a
a
CLEAR SIGHT TRIANGLE \IH CLEAR SIGHT TRIANGLE

rk-

Decision Point Decision Point
Clear Sight Triangle for Viewing Traffic Clear Sight Triangle for Viewing Traffic
Approaching from the Left Approaching from the Right

B - Departure Sight Triangles

Minor Road Minor Road
! b
| .
:‘ | Major Road Major Road
| | -~ - - =
[ L - .
A
- Y_a - n CLEAR SIGHT TRIANGLE
CLEAR SIGHT TRIANGLE Decision Point Decision Point
Clear Sight Triangle for Viewing Traffic Clear Sight Triangle for Viewing Traffic
Approaching from the Left Approaching from the Right

NOTE: Refer to Exhibit 5-27 and Appenix 5C of
this chapter for the dimensions of ‘a’and ‘b’.

NOTE: Refer to Exhibit 5-30 and Appendix 5C of this chapter for the dimensions of ‘a’ and ‘b’.

Approach Sight Triangle - The vertex of the sight triangle on a minor-road approach (or an
uncontrolled approach) represents the decision point for a minor-road driver. The decision point
is the location at which the minor-road driver should begin to brake and stop if another vehicle is
present on an intersecting approach. Although desirable at high-volume intersections, approach
sight triangles like those shown in Exhibit 5-29-A are not needed for intersection approaches
controlled by stop signs or traffic signals.

Departure Sight Triangle - A second type of clear sight triangle provides sight distance sufficient
for a stopped driver on a minor-road approach to depart from the intersection and enter or cross
the major road. Departure sight triangles shown in Exhibit 5-29-B should be provided for stop-
controlled and some signalized intersection approaches as discussed in Case D - Intersections
with Traffic Signal Control.
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The profiles of the intersecting roadways should be designed to provide recommended sight
distances for drivers on the intersection approaches. Within a sight triangle, any object that
would obstruct the driver’s view should be removedor lowered, if practical. Particular attention
should be given to the evaluation of clear sight triangles at interchang e ramps/crossroad
intersections where features such as bridge railings, piers, and abutments are potential sight
obstructions. The determination of whether an object constitutes a sight obstruction should
consider both the horizontal and vertical alignment of both intersecting roadways, the motorist
eye height, and the object height, as shown below:

Vehicle Type Eye Height Object Height
Passenger Car 3.5 ft (1080 mm) 3.5 ft (1080 mm)
Single Unit or Combination Truck 7.6 ft (2330 mm) 15

595.2 Intersection Movements

The recommended dimensions of the sight triangles vary with the type of traffic control used
at an intersection. Exhibit 5-30 provides a quick reference to the procedures for intersection
sight distance. Detailed procedures for determining intersection sight distance follow.

5953 Intersection Sight Distance Design Guidance

Intersection skew is more of a concern at unsignalized intersections than signalized ones. A
traffic signal should not, however, be installed to compensate for intersection skew unless the
Regional Transportation Systems Operations Engineer determines that it is warranted (refer
to Section 5.9.7). Sight lines between the intersecting highways, even at signalized
intersections, are a concern because of right-turn-on-red, flashing signal operation, and power
failure.

The intersection sight distance values may be adjusted for intersections skewed at an angle
of less than 60 degrees. This adjustment can be made by assuming a greater number of
lanes being crossed.

The sight distance of intersections adjacent to bridges can be obstructed or severely limited
by bridge railing or approach guide railing. In such cases, sight distance may be improved by
relocating the intersection, offsetting the railing by providing a wider shoulder on the bridge
and approach or, if practicable, changing to an alternative railing design which optimizes sight
distance. Ramp terminal intersections should be designed in the same manner as any other
at-grade intersection with the corresponding traffic control.
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Exhibit 5-30 Intersection Sight Distance Quick Reference
Traffic Appendix
Traffic Control & Maneuver Control & P How to Use Tables in Appendix 5C of this Chapter
5C Tables
Maneuver
Use table distances for“a” dimension on minorapproach
Class A - Intersection with no legs and “b” dimension on majorapproaches. Adjustfor
approach A& G :
control grade on allapproaches using Table G. There are no
correction factors for vehicle type.
c B1 Use table to determine “b” dimension along major road. The
Lafst(i f' “a” dimension is half the receiving travel lane width, plus any
eftturn from departure* Bl median, plus the lane widths being crossed, plus a minimum
the(;nlnor of 14.5’ (4.4 m) for the distance between the drivers eye and
roa edge of traveled way. No adjustment for grade.
Class B " Use table to determine “b” dimension along majorroad. The
Intersection Case B2 - P o - :
with stop Right tum a” dimension is half the receiving _travel lane width plus a
departure B23 minimum of 14.5’ (4.4 m) for the distance betweenthe
controlonthe | fromthe e ;
; - driver's eye and edge of traveled way. No adjustmentfor
minor road minor road grade
Use table to determine “b” dimension along majorroad. The
Case B3 - P o ) -
Crossing a” dimension is the distance from the middle of the furthest
maneuver departure* B23 lane crossed to the outside edge of the traveled way nearest
P the stopped vehicle plus a minimum of 14.5’ (4.4 m) forthe
from the . .
- d distance between the driver's eye and edge of traveled way.
minor roa No adjustment for grade.
Case C1 - Use table to determine the “a” dimension along the minor
Crossing road and the “b” dimension along undivided majorroads.
maneuver approach* Cl1&G Use Table G to adjust forgrade. For divided roadways, the
from the “b” dimension is based on case B3 forwide medians and B1
Case C - minor road fornarrow medians.
In_tersgctlons Use table to determine “b” dimension along majorroad. Use
with yield , o e . . .
control on the 80’ (25 m) forthe “a d}mensmn_ on the minor road assuming
minor road Case C2 - the vehicle enters the intersection at a turning speed of 10
Left orright aporoach* c2 mph (16 km/h) and for left turns, the major road is only 2
turn from the PP lanes wide. (Note thatif a stop is occurs, the distance “b”
minor road based on cases B1, B2, or B3 resultin lower values and,
therefore, do not need to be checked.) No adjustment for
grade.
First vehicle stopped on one approach should be viewable
8’ (2.4 m) by first vehicle stopped on all others. Permissive left turners
Case D - Intersections with from the stop | Normally should have sufficient sight distanceto select gaps. For
traffic signal control baronall none flashing yellow, use cases B1 and B2 forthe minorroad
approaches approaches. Forapproaches with right-turn-on-red, use
case B2.
8’ (2.4 m)
Case E - Intersections with all- | from the stop | Normally First vehicle stopped on one approach should be viewable
way stop control baronall none by first vehicle stopped on all others.
approaches
Applies to intersections and left turns into driveways. Check
atthree-legged intersections and driveways on horizontal
curves or crest vertical curves. The “b” dimension is along
Case F - Leftturns fromthe departure E the majorroadway travellanes being crossed. The “a”

major road

dimension is from the eye of the turning motorist to the
middle of the furthest travel lane being crossed. Use case
B3 when the median width can store the design vehicle
length plus 6’ (2 m).

EB 22-057 D.A. 01/01/2023

§5.9
INTERSECTIONS AT GRADE




BASIC DESIGN 5-120

5.9.6 Access Controlon Uncontrolled Access Facilities

When projected volumes approach capacity (v/c of 0.90 or greater), intersection radii including
exclusive turn lanes and jug handles should, if practicable, be protected by acquiring right of way
without access. Greater length of access control should be considered if the cost would not
increase appreciably.

5.9.7 Signalization

The decision to install or modify a traffic signal rests with the Regional Transportation Systems
Operations Engineer. Both the National MUTCD and NYS Supplement contain warrants for
installing traffic signals at previously unsignalized or new intersections . Traffic signals should
normally only be installed if one or more of the warrants in Part 4 Highway Traffic Signals, Chapter
4C Traffic Control Signal Needs Studies in the National MUTCD are met and a traffic engineering
study indicates that a signal may be justified. A traffic signal is not justified merely because one
or more of the warrants are met. The NYS Supplement warrants are based on vehicular and
pedestrian volumes, crashes, progressive signal system needs, school crossings, the need for an
interruption of continuous traffic on the major road, peak-hour volume, peak-hour delay, four-hour
volumes, and systems (to establish traffic flow networks).

Before deciding to build a new signalized intersection or make major improvements to an existing
signalized intersection (e.g., reconfigure the intersection, major widening on more than one
approach), the alternative of using a roundabout is to be analyzed per Section 5.9.1 of this
chapter.

Refer to Chapter 11, Section 11.3 of this manual for requirements and guidance on traffic signals.

5.9.8 Intersection Widening

Intersection widening increases intersection capacity and enhances safety by adding auxiliary
lanes to serve heavier traffic maneuvers through the intersection. There may, however, be
substantial impact to pedestrian traffic as a result of longer pedestrian crossing distances and
more complex traffic signal phasing, especially where pedestrian volumes are high. The most
common types of intersection widening include addition of exclusive left-turn lanes, exclusive
right-turn lanes, and right-turn acceleration lanes. Capacity of the through movement can be
increased by adding through lanes upstream of and through the intersection with a downstream
taper back to the normal roadway width. Right-turn lanes and acceleration lanes pose special
difficulties for bicyclists by requiring them to weave across or merge with higher -speed traffic.
Chapter 17 of thismanual illustrates a design treatmentfor right-turn lanes.

5053 Additional Through Lanes

Capacity analysis may indicate the need for additional through lanes on the approach to a
signalized intersection. The additional through lane(s) must then be carried through the
intersection and downstream for sufficient distance to provide a safe merge back into the
continuous through lanes as shown in Exhibit 5-31. Since added lanes are generally utilized
less than the continuous through lanes, alane utilization factor should be used. The merge
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taper on the departure side of the intersection should conform to the length “L” as shown in
Table 6H-4 of MUTCD Section 6H.01. The shift taper on the approach side of the intersection
should conform to one half “L” as shown in Table 6H-4. A capacity analysis (e.g., using
Synchro and Sim Traffic) should be used to determine the storage length for through and
turning vehicles. Both the additional through lane and any exclusive left- or right-turn lane on
that approach should be long enough to prevent queues in the through lane from blocking the
turn lane entrance and vice versa.

5954 Turning Lanes

Exclusive left and right turning lanes increase capacity and enhance safety by removing
turning vehicles from the through lanes. This reduces the interference to through traffic
associated with vehicles decelerating and queuing in preparation for their turning movement.
Exclusive left-turn lanes on multilane highways should always be considered since their
absence requires left-turning vehicles to decelerate and/or stop in the high-speed lane.
Exclusive left-turn lanes on two-lane highways allow the left-turning vehicle to decelerate and
stop without obstructing through traffic.

Tuming lane width should be in accordance with Chapter 2 of this manual. Alignment and
sightdistance criteriashould not be compromised for the channelized movement.

To improve operations and sight distance at intersections where the median width is 1 6 ft (5
m) to 26 ft (8 m), provide aflush divider to the right of the left-turn lane to direct the left-turning
vehicle to be within 4' (1.2 m) to 6' (1.8 m) of the opposing travel lane thereby reducing the
potential for opposing left-turning vehicles to obstruct each other's view of opposing through
traffic. To improve operations and sight distance at intersections where the median width is 6
ft(2 m) to 16 ft (5 m), consider providing aflush divider to the right of the left-turn lane to direct
the left-turning vehicle to within4' (1.2 m) to 6' (1.8 m)' of the opposing through lane to reduce
the potential for opposing left-turning vehicles to obstruct each other's view of opposing
through traffic. Refer to Exhibit 5-35.
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Recommended
Acceleration
Design Speed Lengths
Vd Dfa)
mph R
25 325
30 400
40 450
45 525
50 650
55 790
60 920
Departure/
Merge Taper, L
Merge taper lengths (L) should equal or
exceed ! "Vd=40“'¢‘.|~= ws
R
IfV;>40,L=Ws
Accleteration
Length, Da
To find the recommend Ds, perform a
capacty analysis (e.g., using Synchro and
Storage Sim Traffic). Where practical, Ds should be
Length, Ds long encugh to (1) store the larger of aither
LA the left tum or though-traffic queues and (2)
provide some decelaration distance. It is
Bay Taper desirable for the bay taper to provide the
balance of the deceleration distance. (See
Section 5.9.8.2 E Tapers)
Ve
Approach/
Shifting Taper, % L
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Exhibit 5-31  Intersection Widening for Heavy Through Traffic
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A. Left-Turn Lanes

The decision to construct left-turnlanes should consider:

e The volume of left-turning traffic and the volume of opposing traffic. In some cases,
capacity analysis may clearly indicate a need for left-turn lanes. Chapter 9 of
AASHTO's A Policy on Geometric Design of Highways and Streets, 2018, includes
traffic volume criteria to be considered in determining the need for left turn lanes
along two-lane highways.

e The crash history. A crash pattern of rear-end crashes involving queued left turners
or vehicles turning left in front of opposing traffic is often mitigated by exclusive left-
turn lanes. NYSDOT crash reduction factors show an average reduction of around
30% when a left-turn lane is installed and is an appropriate alternative to mitigate a
left-turn crash problem.

e The crash potential and the anticipated operating speeds (i.e., the possible severity
of acrash).

e Sight distance on the mainline affecting the ability to see a vehicle waiting to turn.
e The construction costs.
e The right of way impacts.

B. Double Left-Turn Lanes

Double left-turn lanes should be considered at signalized intersections with high left-turn
demands or where a reduction in green time allocated to that left-turn movement can
significantly benefit the intersection operation. While capacity analysis identifies the need
for and impact of double left-turn lanes, left-turn demands over 300 vph and/or storage
needs should trigger consideration of them. Fully protected signal phasing shall be
provided for double leftturns.

Provide adequate throat width on the approach receiving the double left turns to
compensate for off-tracking characteristics of turning vehicles and the relative difficulty of
side-by-side left turns. Exhibit 5-28 shows a method of expanding the throat width to
facilitate the double left turns. A car and the design vehicle should be able to comfortably
turn side-by-side. A 36 ft (11 m) wide throat is desirable for double left turns with turning
angles greater than 90°. Narrower throats can be provided for more favorable turning
angles. A 30 ft(9 m) throat width may be adequate for 90° turns. In constrained situations
with favorable turning angles less than 90°, 25 ft (8 m) throat widths may be acceptable.
However, throat widths less than 30 ft (9 m) should normally be avoided since they can
restrict turning traffic flow and reduce the operational benefit of double left -turn lanes. On
the other hand, excessive pavement width, which can mislead drivers and increase
pedestrian crossing times, should also be avoided.

If practicable, the intersection should be designed to allow the double left turn to be
executed concurrently with the opposing left turn. This allows the flexibility in the signal
phasing to serve the double left-turn movement concurrently with either the opposing left
turns or the adjacent through movement. If the turning paths of the double left and the
opposing left-turn overlap, the left turns cannot be served concurrently.
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Dotted lines, in accordance NYSDOT Standard Sheet 685-01 and the National MUTCD
Part 3, Markings, are the appropriate pavement markings used to separate the two-
abreast turning lanes and especially opposing turning lanes. The dotted lines should
reflectturning paths and have a gap of between 4 ft(1.2 m) and 6 ft (2.0 m).

The design should prevent through traffic from entering and becoming trapped in the
double left-turn lanes. The turning lanes should be fully shadowed wherever possible.

C. Two-Way Left-Turn Lanes (TWLTLS)

Two-way left-turn lanes (TWLTLS) are flush medians that may be used for left turns by
traffic from either direction on the street. The TWLTL is appropriate where there is a high
demand for mid-block left turns, such as areas with (or expected to experience) moderate
or intense strip development. Used appropriately, the TWLTL design has improved the
safety and operational characteristics of streets as demonstrated through reduced travel
times and crash rates. The TWLTL design also offers added flexibility since, during spot
maintenance activities, a travel lane may be barricaded with through traffic temporarily
using the median lane.

TWLTLs can reduce delays to through traffic, reduce rear-end crashes, and provide
separation between opposing lanes of traffic. However, they do not provide a safe refuge
for pedestrians, can create problems with closely spaced access points, and can
encourage strip development with closely spaced access points. Consider other
alternatives, before using TWLTLs, such as prohibiting midblock left-turns and providing
for U-turns.

TWLTLs should generally be limited to streets with no more than two through lanes in
each direction. Seven-lane cross sections will likely cause pedestrian crossings to become
too long and left turns very difficult in heavy traffic since oncoming vehicles may limit
visibility and left turn opportunities. For six lane sections, a raised median design with a
pedestrian refuge areashould be considered.

Consider installation of TWLTLs where:

e A crash study indicates that a TWLTL will reduce crashes.

e There are unacceptable through traffic delays or capacity reductions because of left
turning vehicles.

e There are closely spaced access points or minor streetintersections. A generalrule
is side road plus driveway density of 20 or more entrances per mile (1.6 km).

When one of the above conditions are met, the site may be considered suitable for the
useof a TWLTL. Design guidance and requirements include:

The desirable length of aTWLTL is at least 260 ft (80 m).
Consider street lighting in accordance with Chapter 12 of this manual.

e Pavement markings, signs, and other traffic control devices must be in accordance
with the NYSDOT 645 and 685 Standard Sheets and the National MUTCD.
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e Provide clear channelization when changing from TWLTL to one-way left-turn lanes
at intersections.

e Desirable and minimum widths for the TWLTL design are provided in Chapter 2 of
this manual.

D. Right-Turn Lanes

The decision to install exclusive right-turn lanes should be based on a comparison, using
capacity analysis, of intersection operations with and without the turn lanes. At signalized
intersections, exclusive right-turn lanes optimize benefits of right-turns-on-red and
protected rightturn movements served concurrently (overlapped) with a crossroad
protected left-turn phase. Exclusive right-turn lanes may also be used on high-speed
roadways to provide deceleration for right-turning vehicles clear of the through lanes.
Rightturnlanes may be effective atreducing:

e Rear-end collisions.

e Side swipe and head on collisions with opposing vehicles caused by motorists
passing the turning vehicle.

Refer to Section 5.9.4.6 for guidance on channelized right-turning roadways.

E. Tapersfor Turn Lanes

The length of the widened pavement should provide for turning-lane length and bay taper
plus, in the case of left-turn lanes, the approach and departure tapers.

e Approach tapers gradually divert through traffic to the right around the left-turn
lane. Approach tapers may be straight-line tapers, may include curves on both
ends, or may include areverse curve. The approach should desirably conform to
merge taper requirements in Table 6H-4 of the National MUTCD Section 6H.01.
As a minimum, they should be one half the length “L” determined from Table 6H -
4.

e Departure tapers guide through traffic, downstream of the intersection, to the left,
back to the normal alignment where the through lane is adjacent to and parallel to
the center line. Departure tapers may be straight-line tapers, may include curves
on both ends, or may include a reverse curve. The departure taper should
desirably conform to merge taper requirements in Table 6H-4 of the National
MUTCD, Section 6H.01.

e Bay tapers guide turning traffic from through lanes into the turn lane. Bay tapers
should be short enough to enable motorists to identify the widening as a turn lane
rather than another through lane. Bay tapers can be straight line tapers, with or
without short curves at either end, or they can include a reverse curve as shown
in Chapter 9 of AASHTO's A Policy on Geometric Design of Highways and Streets,
2018. A straight-line bay taper length of 50 ft (15 m) to 100 ft (30 m) is desirable.
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Bay taper lengths should not exceed one-half the taper requirementsin Table 6H-
4 of the National MUTCD Section 6H.01.

Figure 5-32 shows howthe approach taper and the bay taper can be designedto "shadow"
or protect the left-turn lane from encroachments by through traffic. In rural and open urban
areas, a fully shadowed turn lane permits the complete lateral shift of through traffic
upstream of the bay taper. In constrained urban areas, the approach taper and the bay
taper can be combined to partially shadow the turn lane by positioning through traffic to
continue and complete its shift to the right while the left-turn lane is developing.

While the total turn lane and bay taper length desirably consists of the sum of the required
lengths for storage and deceleration, constraints may necessitate assuming some
deceleration within the through lanes prior to entering the taper. Deceleration lane length
and tapers in ruraland suburban areas should conform to Chapter 9 of AASHTO's A Policy
on Geometric Design of Highways and Streets, 2018. Deceleration lengths in constrained
areas (e.g., urban) should conform to Section 5.9.8.2 G. Exhibit 5-32 shows a typical left
turn lane.
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Exhibit 5-32  Shadowing Left-Turn Lanes
Left Turn With Full Shadow ( WS= W
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F. Queue Storage

To function as designed, exclusive turning lanes must be long enough to prevent queued
through traffic from blocking the entrance to the turn lane as well as queued turning traffic
fromblocking the throughlane.

The needs of the individual components of the turn-lane length and their relationship to
the total length can vary by time of day. Storage lengths, particularly for left turns, are
considerably more complex and depend on the rate of arrivals, rate of departures, and in
the case of signalized intersections, cycle length, phasing, and system progression, if any.
The desirable design storage length at signalized intersections is twice the length required
for the average signal cycle. A minimum of one and one-half the length required by the
average cycle should be provided to accommodate surges in traffic which could otherwise
cause operational problems which affect subsequent signal cycles.

Double left-turn lanes should be considered for left turn volumes over 300 vph. The
storage length for double left turn lanes may be reduced to approximately one half of that
needed for a single lane operation unless downstream conditions encourage unbalanced
use (e.g., a heavy left or right turn move within 1,000 ft (300 m) of the intersections with
the double left-turn.

A capacity analysis (e.g., using Vissim or Snychro and Sim Traffic) should be used to
determine both left- and right-turn storage requirements. Since storage requirements are
dependent on the traffic signal operation, the Regional Transportation Systems
Operations Group should be involved in the design or, as a minimum, the review of the
storage lengths. Ahigh percentage of trucks warrants additional storage length.

At unsignalized intersections, desirable storage length should be adequate to store the
number of turning vehicles expected to arrive in an average 2 minute period within the
peak hour (i.e., 1/30"of the peak hour turn movement). All turning lanes should be able
to store at least two passenger cars or a car and one truck if there are over 10% trucks in
the stream. Assume 74 ft (22.5 m) truck lengths, 18 ft (5.5 m) vehicle lengths, and vehicle
spacing of 6 ft (2 m).

e Minimum length for <10%trucks is 42 ft (13 m) = 2 x 18 ft (5.5 m) passenger
car + 6 ft(2m) space.

¢ Minimum length for >10%trucks is 98 ft (30 m) = 74 ft (22.5 m) truck + 6 ft (2
m) space + 18 ft (5.5 m) passenger car.

G. Turn Lane Lengths Based on Deceleration Distance for Constrained Areas

In urban and other constrained locations where desirable left-turn lane lengths may result
in unacceptable costs or impacts, an alternative design method uses Exhibit 5-33 to
determine the deceleration distance for braking at a comfortable rate of 5.8 ft/s? (1.8 m/s?)
fromthe average running speed. To use Exhibit 5-33, enter the table fromthe left with the
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design speed and go the horizontally to the column for the appropriate speed (usually
zero) decelerated to.

Foran intersection approach having a design-hour, left-turn volume of 120 vph, 5%trucks,
and an 85™% approach speed of 50 mph (80 km/h), the storage distance would be:

120 vph x 1/30 = 4 vehicles every 2 minutes

4 vehicles require 18’ (5.5 m) x4 veh + 6’ (2 m) space x 3 = 90 ft (28 m)
The deceleration distance from Exhibit 5-30 would be 359 ft (109 m)

The total left-turn lane length (exclusive of tapers) would be 449 ft (137 m)

If constraints preclude this length, the turn lane length should be explained as a
nonconforming feature.

Exhibit 5-33  Deceleration Distances (ft) for Passenger Cars Approaching Intersections

(Braking at aComfortable Rate of 5.8ft/s? (1.8 m/s?)

225;33 Running Speed Reached (Va)

vd) | SPeed | mpH| o | 5 | 10| 15| 20 | 25 | 30 | 35 | 40 | 45 | 50 | 55 | 60 | 65
MPH | MPH | fus | o | 7 | 15 | 22 | 20 | 37 | 44 | 51 | 50 | 66 | 73 | 81 | 88 | 95
85 67 98 | 832 828 814 791 758 717 666 605 536 457 369 271 165 49
80 64 94 | 760 755 741 718 685 644 593 532 463 384 296 199 92

75 Bl 89 | 690 685 671 648 616 574 523 463 393 314 226 129 22

70 58 85 | 624 619 605 582 550 508 457 397 327 248 160 63

65 55 81 | 561 556 542 519 487 445 394 334 264 185 97

60 52 76 | 501 497 483 460 427 386 335 274 205 126 38

55 48 70 | 427 423 409 386 353 311 260 200 131 52

50 44 65 | 359 354 340 317 285 243 192 132 62

45 40 59 | 297 202 278 255 223 181 130 70

40 36 53 | 240 236 222 199 166 124 73 13

35 32 47 | 190 185 171 148 116 74 23

30 28 41 | 145 141 127 104 71 29

25 24 35 | 107 102 88 65 33

20 20 29| 74 70 56 32

il 15 22 | 42 37 23

5.9.8.3 Speed Change Lanes for At-Grade Intersections

Speed change lanes minimize the disruption to through traffic from turningvehicles.

A. Suitability

The decision of whether or not to provide acceleration lanes should be based on the
volume of both through and entering traffic, the intersection geometry, and the 85th
percentile speed of through traffic. Generally, right-turn acceleration lanes are not
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necessary when right-turning volumes are low and the traffic flow being entered has an
85th percentile speed equal to or less than 35 mph (60 km/h). Acceleration lanes should
be provided when both through and entering traffic volumes are high and the 85th
percentile speed of through traffic is over 50 mph (80 km/h). An acceleration lane may be
necessary when right-turn volumes are high regardless of speeds on the intersected
highway or the turning roadway intersects the highway at less than 60° as shown in Exhibt
5-28. Acceleration lanes are not usually needed at signalized intersections unless the
turning movementis not controlled by the signal.

B. Speed Change Lane Geometry

Merging and diverging is most efficient when the angle is small (10° - 15°) and speed
differentials are at a minimum. Acceleration or merging lanes should be long enough for
merging traffic to attain the average speed of through traffic. Short or nonexistent merging
distance can increase the potential for rear-end and other merging crashes. Substandard
acceleration lane lengths may be worse than no acceleration lane due to the possibility of
violating driver expectancies. AASHTO’s A Policy on Geometric Design of Highways and
Streets, 2018, should be used to determine the speed change lane lengths. The turning
roadway speed should be used to determine the initial speed and the off-peak 85t
percentile speed of the highway that the traffic is entering should be used to determine
desirable lane lengths. In urban areas or low speed rural areas, the minimum speed
change lane lengths should be based on aspeed on 15 mph (20 km/h) below the highway
design speed.

C. Tapers for Speed Change Lanes
For speed change lanes, the deceleration taper should conformthe bay taper as described

in Section 5.9.8.2 E. Where high speeds are anticipated, the taper should conform to
Chapter 10 of AASHTO’s A Policy on Geometric Design of Highways and Streets, 2018.

5.9.5.3 Safety Widening at Rural Intersections

The potential for rear-end crashes at intersections on high-speed (= 50 mph (80 km/h), two-
lane rural roads can be reduced by providing a left-turn slot to separate slowing or stopped
turning traffic fromhigh-speed through traffic. Safety wideningshould be considered where:

e The available stopping sight distance is less than the decision sight distance specified in
Chapter 3 of AASHTO's A Policy on Geometric Design of Highways and Streets, 2018, for
a stopona rural road (avoidance maneuver A).

e There is a crash pattern correctable by separating left-turning traffic fromthroughtraffic

e Higher traffic volumes increase the time a left-turning vehicle must sit in the travel lane
waiting for gapsin traffic; increasing the potential for rear-end collisions.

Since safety widening addresses a speed differential rather than a capacity need, it should, if
practicable, provide full deceleration distance fromthe 85t percentile speed in the total length
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of the bay taper plus the full-width turn lane. Chapter 10 of AASHTO's A Policy on Geometric
Design of Highways and Streets, 2018, or in more constrained conditions, Exhibit 5-33 can
be used to determine the deceleration distance required. In addition to the deceleration
distance, provide storage for at least one design vehicle. The widening should conform to
Exhibit 5-34. If constraints preclude standard taper and deceleration lengths, provide the
optimal practical design and document the nonconforming left-turn lane in the Design
Approval Document.

The use of a shoulder by-pass lane (i.e., a widened and/or "beefed-up” shoulder that is striped
for use by through traffic to go around left turning vehicles) is currently not an acceptable
practice and should not be used in lieu of safety widening. This should not be confused with
the practice of beefing-up shoulders that remain striped as shoulders (refer to Chapter 3,
Section 3.2.5.2).

5.9.9 Bus Stops/Turnouts

Bus stops and turnouts should, if practicable, be located at the far side of intersections to facilitate
bus and traffic operations. Bus turnouts at intersections with afree right turn should be located 50
ft (15 m) downstream of the end of the right-turn acceleration lane merge taper. Bus turnouts
should be provided if the bus stop is on the receiving side of a double left- or right-turn movement
and there are only two lanes serving traffic departing the intersection. Refer to Exhibit 5-28 and
Section5.7.21.
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Exhibit 5-34  SafetyWidening at T-Intersection on Rural Two-Lane Road

\\

Storage per § 4982 F.
For level of service of

C or below, also include
deceleration distance not

provided by bay
per §59826.

Bay Taper Length
50' min,
100" max,

L = Approach Taper Length should be:
Shifting Taper =}L
b
$ 40 mph =
80
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5.9.10 Divided Highway Median Openings in Urban Areas

Refer to Chapter 3, Section 3.2.8.2 for guidance on choosing between raised or flush medians.
The median at an intersection leg should be the same type as on the highway approach. If left-
turn volumes require substantial storage for queued left-turning vehicles on an intersection
approach which has a continuous two-way, left-turn lane, consider striping the median as a one-
direction, left-turn lane far enough upstream of the intersection to provide the storage length
required for the left-turning volume.

Raised median openings with left-turn lanes should be provided only at major cross streets and
to serve large traffic generators or emergency vehicles. Pedestrian and bicycle travel patterns
are to be considered. The designer should, if practicable, avoid opening the median for low -
volume (one-way, design-hour volume of 100 vph or less) intersecting streets and left-turn
movements from the arterial. U-turn movements should be accommodated at major intersections.
The availability of alternate travel paths (e.g., frontage roads) should be considered and may
permit elimination of median openings for cross streets with one-way, design-hour volumes over
100 vph. Consider providing roundabouts or indirect, left-turning roadways or jug handles for left
turn access if ROW costs and impacts are notexcessive. Refer to Exhibit 5-25.

If the median is not wide enough to provide refuge for side -street vehicles crossing one direction
of mainline traffic at atime, consider leaving the median unopened if signal warrants are not met.
Mainline speeds, traffic volumes, and sight distance are among the factors to be considered in
this determination.

Design of median openings should consider the need for traffic to access properties on the other
side of the raised median between median openings. Chapter 9 of AASHTO's A Policy on
Geometric Design of Highways and Streets, 2018, describes design considerations and
alternatives for "direct” (from the median left-turn lane at the intersection) and "indirect” U-turns
(other than from the median left-turn lane at the intersection). If direct U-turns are to be
encouraged, the left-turn lane should be long enough to store both left turn and U-turn traffic.
Refer to Chapter 3 of this manual and Chapters 4 and 9 of AASHTO's A Policy on Geometric
Design of Highways and Streets", 2018, for further design guidance including length of median
opening, turning path radii, and median end shape.

A simple median opening of minimum design which accommodates the design vehicle may be
sufficient at minor intersections on a low-speed divided highway with low to moderate traffic
volumes. Higher speeds, mainline through volumes, turningdemand, and cross street flow require
median design adequate to accommodate turning movements with little or no interference
between traffic movements.

To improve operations and sight distance at intersections where the median width is 16 ft (5 m)
to 24ft(8 m), provide a flush divider to the right of the left-turn lane to direct the left-turning vehicle
as far to the left as possible thereby reducing the potential for opposing left-turning vehicles to
obstruct each other's view of opposing through traffic. Refer to Exhibit 5-35.
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Special attention must be given to all aspects of traffic operations and safety in all medians over
24 ft (8 m) wide. Refer to Exhibit 5-36. Signalized divided intersections where opposing left-turn
lanes orthe leftedges of traveled way are separated by more than 30ft (9.14 m) should be treated
as two intersections with separate traffic signals and/or sto p or yield signs. If the median is not
wide enough to allow storage of arriving vehicles between the two signals, special signal phasing
(double clearances) must be provided to clear turning and cross -street traffic from the median
area between the two signals. The design shown in Exhibit 5-36 eliminates the need for two
separate signals by locating the opposing left-turn lanes within 30 ft (9.14 m) of each other. This
design also provides the flexibility to provide signal phasing which serves both left tu rns
concurrently.

The design of unsignalized divided highway crossings should consider the possibility of eventual
signalization or other improvements to the crossing. Safety concerns can result in signalization or
reconstructionof high-speed, divided highway crossings long before traffic volumes do.
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Left-Turn Slotwith Divideron Right
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Exhibit 5-36  Design of Median Lanes for Medians Over 25 ft (8 m) Wide

: T Contrasting pavement or crosshatching

R = Tuming radius adequate for
Design Vehicie,

L = Length of opening between
divisional Islands. Should be
the width of the crossroad, but
not less than 36 ft.

M = Width of median, 24 ft and over.
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